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(5 , p): 5 : Subband Index
p: Miniband Index
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(þ , p): þ : Subband Index
p: Miniband Index
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The redistribution of the 
scattered state is isotrop.
Small angle scattering
is here prefered.
E
q independent diffusion potential, 
e.g. (unscreened) alloy scattering:
q – dependent diffusion potential,
e.g. remote ionized impurity :
kF
k GF
qF
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Barrier Ga0.67Al0.33As
Substrat GaAs
(misorientation 0.5º)
doping layer Si
vertical superlattice
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§c¨[ü  û<½U¦8¼>¦8³½,¨$·J³¾§µ,¦j¼>·«¨a§a·S³¾·f¶[§µ,¦áé,¦8°"L²a¦,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Ô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§·F©J¯¯·J,³§»º>¦ ¯·J°"¦ ¨°"·S¦[¼,·S³,·J,³¯¦ ½©f§µ,aSµ,¦8+§¦8°"¼>¦8©f§,¦ ¨?© ³>½j·Jµ,aSµ,¦8¯êµ>© S¦½U¦8³>¨ea§¦ ¨<Ãmµ,¦8³¦8³¦8S¦8§¿¯8©f²Lµ,aSµ,¦8¨º,º>©f³½,¨©f¦E·¯8¯,¼,¦ ½<»µ,¦$¦ ¨²a§n§µ>© §»µ,Jµ,¦ ± ,³,·¯8¯,¼,a¦I½¨e,º,º>© ³>½,¨m¯·S³U§aº,§¦m§·j§µ¦¨¯¦8¦³,a³, ±¦,¦³Ãmµ,¦³§µ,¦8ÔQ©f¦E©fº>·¦§µ¦Eé,¦8°"²a¦,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·5¦§µ,¦5¯cµ>©fJ¦5½UÅ¨e§º,,§a·J³³§µ,¦5ý¹>© ³U§,°u¨§>¯§,¦ª© §,©f²²aÔ ± §[½U·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¼,²a¿¯a§²aÔ·S³3§µ¦Ä§¦8°"¼>¦8©f§¦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hE©J¨[©X¶1,³>¯§a·S³·f¶ ô ¬  ¼ än»µ¦8Ôi©f¦"© ²a²· ¶5¨a°Qa²Å© JS©f²a¦"© §j²Å© S¦ ô Á
³x§µ,¦²a°"§ ô\[ ¬ ± §µ,¦¶1·J°¶Â©S¯§·Sc¨¶1·S$³U§¦8c©S¯§·J³>¨mÃmµ,Å¯cµ;a³=·J²c¦a³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§¦8©J¯§a·S³>¨$a³=·J²cU³,a³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óô ± ·S³>¯¦j³3§µ,¦Ä¶1©f°"¦E·f¶Ö©·S³,¦k¨º,º>©f³½¾½Ua¦8²¦ ¯§Å¯m¶1,³>¯§a·J³°"·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C : NH = 6.5*1011 cm–2
D : NH = 6.8*1011 cm–2
B : NH = 5.9*1011 cm–2
A : NH = 5.5*1011 cm–2
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C : NH = 6.5*1011 cm–2
D : NH = 6.8*1011 cm–2
B : NH = 5.9*1011 cm–2
A : NH = 5.5*1011 cm–2
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Parallel mobility
Perpendicular mobility
Q[v]zcZ`bY¾3e2è%RG"b`_eUa`]WYZV
V2XxåÀVE`l\FWæZ]%m^+ZV2^8V2ZWY`m#åveUµq	jWæzbZeMZVV2`V£åÀ89bb`_eqeMZbjnærZ]m
b`_elbd`]mU
^_8V2Ze4åÀV2Sgi`_e!qeMZb%j9æ-arST9U
VEU
WYXZ[Z#\98]%^_WYU
S]PS\WY`acbd`_eMZWY8eM`\9SemU ·C`_eM`]W
^njZe
q`Im`_][FU
WYU`n[nuI|j``9G.bd`e+U
a`_]WYZ	VV2X!ST[9`_e_`m#WYX.bU^ZVpWY`acbd`_eMZWY8eM`T.`9jZ_U
SeS\rW
j`
bZeMZV
VE`VZ]mybd`eYb`_]m	U^8V2Ze'arST9U
VEU
WYXU[eM`Y\9S8]%mxU
]W
j`]8a`_eU^ZVp^ZV2^_8V2ZWYUS	][_u
Â   
ô¼[vò" üYYñü3YñõÊøô^Y_Ya`b[vù<Yñò ø	  £Rx:óZY/ù*öþZ[ v[òb[vY6ô þøzôÆ[ õø	  
ÊüY
õ`5Yøô¼Yøôdø}úcZñõò5[vöñ/öúN[vñõ'`bYøzôÆ[vñg]^õËóø`5]Y^ü3YñôÆ[ò"e
¤ øzô özñZY}[ñõ`5Yøô¼Yôqò5óZYòbYùY` øò5cZ`bY
s ò5óZY^üY6õ`bYøzôÆYöúºò5óZY!ø`Ëø 
 vY ù*öþZ[ v[òb[vY6ôûYÒe ]ZeºòbóZYº`Ëô¼ò8`ËøòbóZY`d]Yañò+ vYüY6õ`bYøzôÆYöúºò5óZYù*öþZ[ v[òb[vY6ô:øñýü4ú`bözùQø*õY`5òËø[ñ/òbYùY` øò5cZ`bYöñ)ò5óZY
ú¶øzôÆòbYa`düYõ`5Yøô¼Y}øzôlø~úcgñõòb[öñ/öúÿòbYùY` øò5cZ`bYe
s ò5óZY^øñZöù/ø v[Yô:öúºòbógY!Y`Yñýü[õc ø`dù*özþZ[
 [vòb[YôûYe]Ze\òbógY}ù*özþZ[
 [vòb[YôüY6õ`bYøzôÆYyøôºø úcZñõ'òb[vözñ*öúò5YùY` øòbcg`bYdøòC vö:Ya`:õËóø`b]Y üYñô¼[vò"(øñü
ò5óZY:ù*özþZ[
 [vò5[vYô[vñõ`5Yøô¼Yºøò¤óZ[]óZYa`Nõ¡óýø`b]zY\üYañôÆ[ò.y[vñ^òbógY:òbYaùY`ËøòbcZ`5Y
` øñZ]zY!'ì´¼w ^e
3
–2
M
ob
ili
ty
 (
*1
0 
 c
m
   
V
   
s 
   
 )
Fermi energy  (meV)
0
T = 0K
Total mobility
N  = 5.3 * 10    cm–2
s
11
N  = 5.7 * 10    cm–2
s
11
N  = 6.5 * 10    cm–2
s
11
N  = 6.9 * 10    cm–2
s
11
(A)
(B)
(C)
(D)
–1
–1 band
(1)E
gap
(1)E
band
(2)E
gap
(2)E
band
(3)E
 
0
20
40
60
80
100
120
5 10 15 20 25
Q4¾2òRKäZeMZVV2`VZ]%m#b`_elbd`_]%mU
^_8VEZ	exaSTnUV2U
WYXZ[ZI\F8]^WYUS	]-SM\!¹p`_earU`_]%`_e
qXu
|j`!bS[9UWYU
S][JS\W
j`¹p`_earU`]`eqXo¨g|jU^nj-^+SeeM`9[ÀbdS]%mWYSW
j`hU
]}W
j`h^ZV2^_8V2ZWYU
S][
^+S	][9Um`eM`+m^9jZ	eq`Cm	`_][9U
WYU`n[+oZeM`U]%mU
^+ZWY`mT9XZeeMSg|[n±g|j`_eM`Z[OS]%``9G"b`+^W
[OZaSTnUV2U
WYX
m`^_eM`+Z[F`\9Se Z	]môZ[Z\F8]^WYUS]SM\WY`_acbd`efZ	WY8eM`9ozåæxgiUV
V|ef`aZU]^+S][FWYZ	]WU]
W
j`xT.`vqU]%]U
]qSM\U
]^eM`+Z[9U
]qWY`_acb`_eMZWY8ef`IZ]mzå æxgiUV
VpU
]^ef`Z[9`u
ãlñ!}òbó"ôºñüZô#zöö3üð$ø	 vò øò%$ ø&'ù(añòaûüù*özñôÆòËøòvñ(òbó!"ô¼ò%ñõ)
öúù(ñ*Òø	ôvñ^ò5ó õòböñ!õqþýøñüZô¼ò%õò%!%\öú.ò5ó\ù*ö3ü  øòü+, áâ %ãdñ }þ
øzôbôgù(vñ òbó-"ô¼ò%ñõ)\öúòbó!'º.Ëô¼ò\øñü*ô6õöñü(ù(vñø/ñò5ólþýøñüZô¼ò%õò%!%û
Â  ´
öñ# ô:øþ *òböºò\òbó!ü0'ñ3ò:þ.óø"vöºöúÃòbórø& ø	 
  øñü(ô..õ)ø	  
#.'+1añ%
üõ2 ø&\ù<öþ *vò"<øôdøhú3Zñõ'ò%vözñ÷öú:òù.' øò%!%$CÀò ôløzôbôgù(ü­ò5óøòdöñ!(õö  ü
$ñ#ºñü*þ.òbò'ð4ýøñ3ò%vò øò
$yø&'ù(añòNþ.ò"'añ(15%vù6ñò ø	 ügøòËø^øñü÷õaø	 
õ2 øò%öñô8þRõËóøñ!vñ!'òbó' ô" **zóò+ 
2òbó/øù vò%ýü^öúdò5ów  øò'Ëø öòñòø 
ù*ö3ü  øò%öñ(ö\ò5ó#Ëøò%ö}þ.ò"'añ*òbó õöñ3ò%vþZòvözñôqöúòbóü"0'%añòxôbõøòbò%5%vñ!
bö3õ26ôbô6ô24:óô8óøzô}ñZöò þ15ñÍüözñûþ.õaø&ô7*òbó<õø õ2  øòvöñýô~ø8%$5)ò%ù(
õöñô7Zù(ñ
ö9Zñü5ËôÆò øñü(òbóZóZô7õø %øzôÆözñôqöúòbóô7dü0'ñ3òqòù.' øò%!%_:6õòËô'û
öñ; ôÿözñõ2yø&Òø&vñJ *6ü}òbö9%'Òø& ühò5ó'öÒôvòvözñöúòbó!Q'5ù( *$ özñò5ó\ù*öþ!
 *ò"
Q'5ù(ñ5%2õ2!$JMQ¾"2ò<:ó(õËóø8%,üñô7vò*ô:úö\ó!õËó÷òbó!}ù*özþ
 
ò%*6ôløzô~øú3Zñýõò%öñ)öúºòù.'Ëøò%}óø$^þ.'ñ õaø	 õ) øò%ü-MQx¾2è3û%*zóò_\ø8%
vñü õøòü*þ%2ø8%bödô)³8ô8ü ôbõ2ô5ôü=vñ üòËø8
 >vñ õ óø	Zò'"2û.öñ.õò ô ò5óúö 
 ö;vñ*òù.' øò%!%^ü".ñüñ3òù*öþ!
 *ò"þ.óø"vö úöòbó<ü0'ñ3òõ¡óýø&%
üñô7vò%ôR
¤ôõ $¨³
:óöô7vò%öñ*öúò5ódõö%ô"öñüñ#Q'5ù($ñ5% ô¤õ öô\ò5ö ø~ù/øùZù
¼ñõ)ûZøzô özñvñõ)%øzôô:ò5ó}òù.'Ëøò%ûò5óù*öþ!
 *ò"(üõ2øô7ô2:ó!ô
ô.'%ù(ñ3òËø 
 ?}özþô'+$ü:
¤ôõ $¨ö
:ó#öô7vò%öñ)öú\òbó!^õö%%6ô.öñü"vñ4Q'bù6i *$  ô8õ öô òbö2øñ?ñ%¡.õ'ò%vözñ
övñ3òRhÀñÍòbó!÷þ.'ñZññ)öúòù.' øò%!%(ñõ2%6øôÒûqò5ó/ù*öþ *ò.zø8%*6ô
 *òbò $:óô ô15%vù6ñò ø	  
}özþô5$ü:
¤ôõ $ õ øñü=,
:óhQ'5ù(öô7vò%öñô^ø8%2õ öô<òbö)ø÷ù6vñùZù@vñRò5ó/ù*öþ *ò%*6ôlõ2!$$
¼ñõ)ûò5óù*öþ *ò%*6ôAñõ2øô7ûøô\öñBvñõ)%øzôô:ò5óò%ù.' øò%$z:ó!ô
ô.'%ù(ñ3òËø 
 ?}özþô'+$ü:
Àñ<õöñýõ *ô7vözñûò5ó#vñ3ò%5  ø öú>.'%ù(ñ3òËôøñü/õø õ2 øòvözñô¤óø$8ø 
 vöCü
òböjüù*özñôÆòËøò%)òbó!? ôÆòñõ22öú^ù6vñø	ýô2 ãdñ ÐþÐòbó!RøzôbôgùZò%öñ¦öú(ø
 øò'Ëø iöò%añòø	 ù<ö3ü øò%öñû3òbó,ü0'ñòºù*öþ!
 *ò"!:òù.' øò%!%õ2!$ô¤úö
ü0'ñòxõ¡óýø&% üñô7vò%ôqóýø$þ.'ñ=  ø&vñ!ü:
ÃÄÅyÄÅ D%ßÏÈzÑ|×íÕÝw×.EËGF{ËÑiÕÌÍ Ú'ÕÒÉpÐ"ËiÉIHÁÕ'ËJ ÑiÐ"ËÌz×
¾ñ-Q>*¾ Â ­ò5óK%.'vù(añò ø	 
 *ù(øzôüKø8Ëø	  * ÿøñü.'+.ñü õ2 ø89%ô7ô
òËøñýõ2 øô/øú3Zñõòvözñ öú}òù.' øò%!%?ô<ôÆóZö\ñ¦úö2øRù*ö3ü  øò%6üL+, áâ û:úö
ôbøù *M è:ó6ô)ù(øzôù(ñ3òËô}ò5öòbó5;vò5ó¦ñZù6'% õø	 xõø	  õ2 øò%öñô'û
ð4ýø	 
 *ô¼óZö\ñ?vñ4Q¾" Â 3ûø 
 ö	òbö<ôÆò%ýü%/òbó9vùøõòºöúºòbó!}ô7õözñüKQZö!%*5
Â  
1.2
0.0
0.2
0.4
0.6
0.8
1.0
0 10 20 30 40 50 60 70 80
S
he
et
 r
es
is
ta
nc
e 
 (
k 
   
/  
 )
Temperature (K)
K508 V
(1), V(2), 1ssb
V(1), V(2), 3ssb
V(1), 1ssb
Perpendicular
Parallel
N
N   = 4.2*10   cm–211s
Q¾" Â %RO `n[FU[9WYZ]^`zZ[CZ\F8]^WYUS]#S\CWY`_acbd`eMZWY8eM`'giUW
jxm	U ·C`eM`_]WL]8ar`e+U
^ZV9kW
[n±
|j``9G.bd`e+U
a`_]WYZ	VzmZWYZZeM`hT.`9[9Wef`beMS_m8^`+mKg|j`_]5WYZsU]	qU]%WYS4Z^^S8]%WW
j`[F`^+S	]m
¹pS8eU
`_eJ^S_`QP-^_U
`_]%WU
]ÁW
j`hV2ZWY`_eMZVCT.Z]%m[FWYe8^_WY8ef`^+ZV2^8V2ZWYU
S][JZ[Jgi`_V
VCZ[JU
]^V28mU
]q
W
jeM`+`'[98dTT"Z	]m[U
]JW
j`ImU`V2`+^WYe+U
^^S][9WYZ]%Wvu
R2S _÷ R 'T"U S&V U%W9XY8U%'<Y&XZ S U'T"U%Y8X[ S"\ X]Y&U S TMY8T \ U%WB0 R U S8V U%W!^T R X._ S T
S8V WW'`_aabY&T \ _9*TMU%W \ 'X* R U% RV T R U S T á "Z.'%[('T"UcY&XX
$d S T S ab_'+$8_Y8Ueì´f+ gY(cY&U S=S&V Y V Y R U S x µ´ha.'U"C''TUWKZ15%Z.'T \  R X]Y&9Y8T \ ZbY&cY8X*X'X8_]_UcY8T R $4³#_ S T(T R 8Y_78_#U%W(U'[(Z.'<Y&U%!%$dU%W!/Z.'Z15T \  R XY8%i__7UcY8T R º.<_UBcY&]_8_B_U S T!X
jdk_%Y&UcY8U%8_Y8UY8a S UKe ì l mY8T \ U%W5Tn$5T \  R %8Y_8_)eWKZ.Y8cY&XX*'Xo%8_7_U<Y&T R  \S i_`T S UWa*UpY&Tq_Z. R UcY R XY8^_: R UR#U^T R 8Y_78__7X**WUX
J;*UWhT R 8Y_7*TU'[(Z.'cY8U%$
 VCS TU%*8_U S º.U9U%W8_7"Z15%*[6'TU<Y&X \ Y8UcY"d S T! S aU<Y&*Tb_^U%W! V3S X*X S ;*T(_7X*U<_RCeY8rT S TX
 S TxQ S *' R)S ÷ R *'T"U3s " ì Â è[('s!>*T"U S Y R'R2S TU5d S T'Z S"\  R 8_C'X*X$UW[68Y_7% \ 8_]_UcY8T R CY&UoX S tU%5[(Z.'cY8U%$i¼ S $''d8Y_ S TT R %iY_i_AUW;U%5[(Z.'cY8U%$d&UWº.U \S 8_kT S X S T'CY8%5;*U%WKU%W!;Z.'*[(5TU<Y&X
\ Y8UcYRuUWZ.'*[('T"UcY8X*X? S ab_'+$ \ _7U% S T(T R %iY_9]_uT S U'Z S"\  R  \ e S a1Y8aX*KU S %5Z S"\  R /UW"Z.'%[('T"UcY&XX
 S a._7'$ \ *T R 8Y_7$dU%WK_7 R2S T \ Q S %'
R2S _÷ R 'T"U S&V U%WBXY8U%'<Y&X>Z S U%'T"U%]Y&X>[ S"\ X]Y&U S TMW.Y_-U S a.UcY8r$'TTU S Y R'R2S TU5eWvY&[(ZX*U \  S8V U%WKXY8U%'<Y&XkZ S U'TUY8Xw[ S"\ XY8U% S T-;Y_9W''a% V3S T \ U S a1s " ì Â ¾/[('sxdsy{z|} ü ì~l"2 +"d R)S %8_Z S T \ *T!hU S Y!º.c_7U#[(*T!*$Y8Z S&V _' á y|<  ì
Â  ¾
[('sY8T \ YK_ R)S T \ [(*T$Y8Z S&V _7*' á y{z7|<  ì [('s"eW]_ R Y&T=a.*T"U%5%Z'U% \Y_#U%WK_7*T.Y&U% S&V 'TW.Y8T R  \  S T' \ *[6Z%U"=_ R Y8U%U'%T(*T"U% S"\  R  \ aUW_ R2S T \ Q S *' R2S _÷ R 'T"URi³#_>*Uz;Y_ \ '[ S Tb_U%<Y&U \ *T R W.Y&Z!U%'z"´!´d$UW[vY&*T*[(Z.Y R U S8V U%Wx_ R2S T \ Q S *' R2S ÷ R 'TU;]_uUWT R 8Y_7 S&V UWZ.'Z15T \  R XY8%8_7_U<Y&T R Y_#UW#Q'[('T'MY&Z!Z S Y R W8_#U%WK_7 R2S T \ [(*T!*a.Y8T \ d$# VAS TUcY&r$i_AT(U%W![ S a*X*U" R Y&X R X]Y&U% S T._C_U<Y&U%i_w*T"U S Y R'R)S T"U'd;W R W=Y8%-*T(UW" R T%*U" S&V U%W`_ R2S T \ [(T*jY&Zk$*T R #Y8U-e ì;´!+ d"U%WQ'[(X$'X R2S %8_7Z S T \ TU S UW;[(8Y_ \R W.Y& \K\ 'Tb_*U"J } ìP´f+4 Â l 7 R [ z _TU%W;[( \\ X S8V UW_ R2S T \ [(T*a.Y8T \ dT R %iY_T(UWU%'[6Z15cY&U%9W.Y_#U%W R2S T._ð45T R UW.Y&U S T*T"U%'cY&U8_U%W!^[ S %`Y&T \ [ S  S $';_7UcY&U8_;a15*TK*T=U%W!I" R *TU. S8V UWB_ R)S T \[(*T$Y8Z> S % S $5'dU]_w*T"U%5%8_7U%*T!U S '[=Y8%rU%WbY&U-$'T6Y&U;X S U%'[6Z15cY&U%U%WKU S UcY&Xk8_]_UcY8T R  \ 'Z.'T \ _Y&X]_ SMS TtUW(_7 R2S T \ Q S %' R2S ÷ R *'T"U'KeW]_^]_U%WB%8Y_ S T;W=U%WxY&[(Z!X**U \  S8V U%WBXY&U'cY8XZ S U%'T"U%]Y&X>[ S"\ X]Y&U% S TMW.Y_U S a.
\ 0''TUX
 R W S _'T}3s " ì Â ¾([('sxd%;W'T?U<Y&r"*TvYh_7 R2S T \ Q S *' R2S ÷ R *5TU*T"U S Y R'R2S T"U'd|;W5%8Y_`s . ì Â èv[6'sd;W'T R)S T._7 \ '*TvY(_T._ S  \ Y&XX]Y&U'cY8XZ S U%'T"U%]Y&X[ S"\ XY8U% S T  -ZhU S T S  S TX
=U%W!X S C';U%'[6Z15cY&U%BY8T S [=Y8X
3$!U%W!_U S T(cY8_7 S&VU%WZ.'Z.'T \  R XY8%8_7_7UcY&T R CY_Y V T R U S T S&V U'[(Z.'cY8U%  W.Y_a.''T \ ]_ R .__ \  S UW*TqW.Y_a.''T_%Y8 \ Y8a S U=U%W!hZ.'*[('T"UcY8X*X S a._7'$ \\  R %8Y_ S&V UW%8_7_U<Y&T R ;W'T S T9*T R %8Y_8_ V !%U%W!';U%W9U'[(Z.'cY8U%$
¼-*W!'U%5[(Z.'cY8U%;*[(ZX*8_:UW-Z S ZX]Y&U% S T S8V W*W'C_!aa.Y&T \ _2ã-T;U%W"._W.Y_kU S U<Y&r$-W*W'_aabY&T \ _T/UW \ *'X R U% RwV !T R U% S TK*T"U S Y R5R2S T"U'keW!_wWbY_a15'TMY&X*8Y \  \ '[ S T._UcY8U% V3S UW R Y_7 S8V Y8TT![ S"\ X]Y&U% \ +, áâ 
T}Q>*-¾" Â lUW(T"[(' R Y8X R Y8X R X]Y&U S Tb_2dUcY8rT S T!=_a!a.Y&T \ *TtUW \ 'X* R U%% RwV T R U S T/TU S Y R5R2S T"U;Y8%B_W S ;T=T R2S [(Z.Y8%_ S T;U%W R Y&X R XY8U% S T._2d"*T%
R X* \ *T9U%W!%'9_7aa.Y8T \ _T(U%W \ 'X* R U%% RwV T R U S Tö S U%W R +$8_º.U<Y&U%W!'C'X*XU%WBZ.'*[(5TU<Y&X*X S a._5$ \ *T R 8Y_7 S&V U%W!Z15%Z.'T \  R X]Y&-%8_7_U<Y&T R $¼ S $''dUW[(8Y_ \=\  R 8Y_7 S&V U%W!Z.'%Z.'T \  R !XY&p%8_7_U<Y&T R !;*UW?*T R %8Y_*T!U%'[(Z.'<Y&U% R Y&T S TXta.'Z S"\  R  \ dkatU%W=T R X*b_ S T S&V WW5K_aabY&T \ _
W'#U%W!%'  T=U%W \ *'X R U% R;R)S T._7UcY&T"UBeW]_ \ '[ S Tb_U%<Y&U8_;Y&jY&*TMU%W9[(Z S .UcY&T R  S&V UW#T R X*b_ S T S&V W!*W!';_7aa.Y8T \ _;*T(UW \ 'X* R U%% RR2S T._U<Y&T"U-Y&U;WW5U%'[(Z.'<Y&U%$
ÃÄÅyÄ h#ËÑ|×}ÕCÝ×.EË;Þ5Ð"Ê×PÕCÝ×.EË#È×ËÎÉpÈzÊxÇKÕc×ËÌz×Ð"ÈzÊwÓ ÕÍIÒÜ
Ê.È×Ð"ÕyÌ
Qb!%U%W!'#_7ZZ S U V3S #U%W[(Z S UcY&T R  S8V UcY8rT(UWK_ R)S T \ Q S *' R2S ÷ R *5TU
S&V U%W=XY8U%'<Y&X;Z S U'T"U%Y8X;[ S"\ X]Y&U S TTU S Y R'R2S T"U_$'Ttat%5$Y& \ *T!nUW0 R U S8V U%WKU%X*U#_'6Y&X]_ S _7 R U S Tq+"+"+  S&V U%WKXY8U%'<Y&XkZ S U%5TUY&Xk[ S"\ XY8U% S T
Â' ñ
S TUWK%8_7_U<Y&T R =Y&T]_ S U% S Z%q%  } ì ¢¡¢£ )¤¥§¦ ¢-¡¢£ )¤¨ 4Q S UW_#Z!%Z S _7$dwUW8_]_UcY8T R 6Y_BY V !T R U% S T S&V U'[(Z.'cY8U%]_`[68Y_7% \hV3S B_%Y&[6ZX*ï0+l¾ Â Y&T \
ï0+l¾f+KÀ;U%W S U;U%W!Y8ZZX R Y8U% S T S&V Ya]Y_ S X*UcY8  d$! V3S ;U" S _Y&[(Z!X*8_)d \  V 
V '*TT(U%W!'*CXY&U'cY8XZ S U%5TUY&X0[ S"\ X]Y&U S TvY&[(ZX*U \ $C.ï0+l¾ Â W.Y_[=Y	"*[vY&XX]Y&U%5cY&X>[ S"\ !XY&U S T?Y&[6ZX*U% \ jd%;W'8Y_ï0+l¾"+(_;UcY8r$'T V  S [©Y/U*X*U \ %' S Td$î;W!'%=U%W!hX]Y&U'cY8XZ S U'T"U%Y8X;[ S"\ X]Y&U S T]_C8Y&r$'T! \   eW!%i__7UcY8T R Y8T_ S U% S Z?%7  } _#_7W S ;TtY_9Y V !T R U% S T S&V U%WT%$'<_ S&V U'[(Z.'<Y&U%!%T-Q*!¾" ÂÂ ï0+l¾ Â "Wa*U<_#Y&TªY&T]_ S U% S Z% S8V Y8a S U+"2è=Y&UBX S 5U'[(Z.'cY8U%KY&T \
R
es
is
is
ta
nc
e 
an
is
ot
ro
py
  R
Temperature   (K   )
0 0.1
2
3 L206.1
–1–1
L206.2
1
4
–1 –1
/ R« /
 ¬ / ¬
Temperature   (K   ) 1020
43 KT =
Q¾" ÂÂ RO `n[FU[9WYZ]^`CZ	]U[FSWYeMSbXZ[Z\<­]^WYUS]wSM\CW
j`'U]%_`e"[9`CS\{WY`azb`_eMZW­eM`i\9Se
Z]=­]WYU
V2WY`+m![9ZacbV2`Jål§¯®ª°u«+æxZ]mwZ#WYUV2WY`m![FZacbV2`Jål§®ª°u±®æu|j`I^+SeeM`9[ÀbdS]%mU
]qkOW
[
ZeM``c².bV2ZU
]`mU]W
j`IWY`c²Wvu
YZ S T S !T R  \ [=Y	"*[[³Y&Uº.TU%#U'[(Z.'cY8U%$³p_*U;_T S T \ 'c_7U S$S"\ d:UWY8T S [=Y8X
=Y8%]_8_ V  S [´Y&T?Y8T S [vY&X
K*T=UW#Z.'%Z.'T \  R !XY& \ *% R U% S TzãZ!Z S _U%'X$dï0+l¾f+W.Y_ S TX
qYM_[=Y8X*XkY8T_ S U S ZqY&UBX S ~U%5[(Z.'cY8U%KY&T \t\"S 8_^T S U_7W S Y8T%=Y8T S [vY&X
vY_-Y V T R U S T S&V U%'[6Z15cY&U%jeW=*T"U%'8_U S&V U%W]_[(8Y_7%5[('T"U#_%$iY&X* \ atU%W! R)S %8_Z S T \ *T!nT"%[(5% R Y&X R Y&X R X]Y&U% S T._ ReW!_ S X \ X*T8_2d%ºbU%U%Tï0+l¾ Â Y&T \ ï0+l¾+"d R2S %%i_Z S T \ _U S UW R Y8X R !XY&U S T._2d;W5%9U%WBµ'¶!·¸KXY&U'cY8XZ S U%5TUY&X[ S"\ XY8U% S T-s " ì ÂÂ[(5s  W.Y_a.'5TLY__[6 \ Y&T \ U%W=U%X*UZ.Y8cY8[('U%5/¹h_' R W.Y&ZU'K+f+f+dW5%
V3S T \ U S a. Â    W.Y_a15'T=UcY&r$5T=Y_cº.UCZ.Y&<Y&[(5U%' V3S ;_Y&[(Z!X*!ï0+l¾f+CeW9
Â' è
0
1
0 1 2 3
V
(1)
V
(2)
V (3)
Coverage error     (%)º
F
ou
rie
r 
C
oe
ffic
ie
nt
s 
 V
(p
)
Q*%¾ Â +%R(O `VEZ	WYU`#_ZeUZ	WYUS] ² y  | å*»ÀæZ[!Z\c­]^_WYU
S]SM\#W
j`w^+S`_eMZ9q`#`_eefS	e-»#U
]
WYU
V2WY`+mV2ZWY`eMZV[<­nbd`e+V2ZWYWYU
^`9[_±Z^9j'¹pS8­eU
`_ez^S_`QP-^_U
`_]WmU
aU]%U?[j`n[OZ[zZ[Àbd`^_U
ZV.\<­]^WYUS	]
S\C»_uw {Z[+j`m#V2U]%`±ó+]m	U^ZWYU
S]JSM\W
j`WYUV2W_ZV­`9o>­	[F`mxWYSkWi§®ª°u±®u
Z15%*[6'TU<Y&X \ Y&U<Y/Y8% V Y8*X
#5X*X.%'Z! S"\  R  \ zT R2S TUcY_7U'd V>S T#U%8_wU S º.U;UWZ.'*[(5TU<Y&X \ Y&UcY S8V ï0+l¾f+^aY_%_7[(*T!9Y8Y8r$'T*T! S8V U%W!;XY&U'cY8XZ S U'TUY8X[ S"\ X]Y&U% S T3$!8Y R W4Q S *' R2S _÷ R 'T"Uw]_ \ 
" \  \ a(U%WB_Y&[( V Y R U S   d S T
\S 8_T S U!º.T \  S$S"\ Y&''[(5TU;*UWU%W(Z.'*[('T"U#Yº.UT \ Y_W! \ X**T!  V3S ï0+l¾"+"
eW!("ZXY8T.Y&U S T]_ V3S !T \ a%q%'jY& \ *T-Q>*,¾ Â +dz;W'(U%WJº.c_7UU%W'Q S %' R)S ÷ R *'T"Uc_)d'a15*TpY$'cY8 \ a#U%W V T \ Y&[(5TU<Y&X$_7aa.Y8T \ s y  | )¼>d¹  ìé¾½ y  | ¿&¼-ÀÂÁ ä CÃ;Ä3Å y ä |Æ á U%'TTò¾ Â'Ç Y&9_W S ;T=Y_kY V T R U% S T S8V UW R)S $5cY&'% S ¹)h¼*W'BÈ S *' R2S _÷ R 'T"Uc_ \  R 8Y_7 V Y_U'BY_Y V !T R U% S T S&V UW/U*XUU%W.Y8T/UWº.c_7U S T$oeW_]_'XXU<Y&r$'TTU S Y R'R2S T"Ua%B._T9U%W;U*XUZ.Y&<Y&[(5U%'Y_º.U#Z.Y8cY&[6'U%'5T R2S TUcY_U'd0Y__[6*T6YwiY&r$'TT S&V UWX]Y&U%5cY&X>Z S U'TUY8X[ S"\ X]Y&U% S Tdk%i_XUc_*TÂY8T S $'%i_U%[=Y&U S T S8V U%WÉ_ R)S T \ È S %' R2S ÷ R 'TU5d%8_7X*U*TB*TMY8_]_U<Y&T R BY8T_ S U% S Z V3S ï0+l¾f+d.T S U S a._7'$ \ Z.'*[('T"UcY8X*X?$
T_7[([=Y8$dkU%W]_(Z.'*[(5TUB
$i_ V %UW'=_7ZZ S UU S U%Wq*[6Z S %U<Y&T R 
S&V UcY8rTUW6_ R2S T \ È S !%*5 R)S ÷ R *'T"U S&V U%W!/X]Y&U%5cY&XkZ S U'T"U%Y8X[ S"\ XY8U% S T*T"U S Y R'R2S TU55ã5d S UW';]_=_Y& \ dU%W]_%8_7X*UB*[(Z!X**i_U%W.Y8UKY__[(T S TX
ªY_*T"._ S  \ Y&XXY8U%'<Y&X0Z S U%'T"U%]Y&X]_T S UOø%._Uº. \ 
Â' ò
ÃyÄÅÄ3Ê Ë EÐ"Ñ:EÌFÑiÈ×%×ËÎÉÐFÌuÍmÎÌ-ÍCÊ.ËCÏnÐÑÒ$ÓÔ ÈkÍÈzÐÌÙ%×ÐÑÕÖ
H
al
l m
ob
ili
ty
  (
cm
   V
   
 s
   
 )
1012
N   (cm    )
1011
H
–2
2
103
105
–1
–1
0 20
band
(1)E
gap
(1)E
band
(2)E
gap
(2)E
×
×
k
Øv
Ø
k
Ù
M
ob
ili
ty
  (
cm
   
V
  s
   
)
Fermi energy  (meV)
L206.1
T = 4.2 K
120
0
–1
–1
2
È¾ Â'"Ú äoÛ8ÜÛ8Ý*ÝÞ)ÝÛ8ßàájÞ2Üá$Þ)ß"à&âã2­ÝÛ8Üä;Û8Ý*Ý!å#æçâÝâ*èé9æçèÛ8âßÞàAê<Üæ8åÞ²7á$Þ)Ü%âå#Þ)ßèÛ8Ý
à8Û8èÛ#Û'ëÛ:ê<­ß"ã2èâæ8ß^æêäÛ8Ý*ÝãcìÛ8Ü*íÞkà8Þ)ß4ë<â*èéÛ8èî=ï?ð"ñ±®òúåá$æ8â*ß"è*ëÀæAóâ*è*ìpè*ìÞã%æ8ÜÜÞë3á$æ8ß"à'ô
âß&í9ãÛ&Ýfã2­ÝÛ8èâ*æ8ß4ëõ.æ8ßãÞwìÛ8ö2âß&í9èÛ'÷5Þ2ßBè*ìÞ;Û&ß8íÝÞø ù åúíÜÞ%Þ)ß^Ýfâ*ß"ÞæÛ8ßà#æ8ß"ã%ÞCè*ìÞ;Û8ß8íÝfÞø û&üýå3ÜÞ%àÝâßÞMæñ;kÞ2èèÞ)Ü#ÛcíÜÞ%Þ)å#Þ)ßèê<æ8Ü#è*ìÞájÞ)ÜQájÞ2ß"à8â*ã)­ÝÛ8Ü#å#æçcâ*Ýâèéâúëê<æ&­ßà'õkó:ìÞ)ßèÛ'÷5â*ß8í
è*ìÞ-Û&ß8íÝÞø ù ñî:ìÞ;â*ß$ëcÞ)èë%ìæ8ó:ëCè*ìÞxåèæ8èÛ8Ý æájÞ)ÜQájÞ2ß"à8â*ã)­ÝÛ8Ükå#æçâÝâ*èâÞë>>þø û8üý)ÿ Û8ßàC>þø ù ÿÛ'ë-Ûêc­ßã)èâ*æ8ß(æê¹.Þ)Ü%åpâÞ2ß"Þ2Üíé8ñ
 TM_ R U% S T  UW9[ S a!*X*UY_-Y V T R U% S T S&V Èb5%[(.'T5%KW.Y_ua.''TMY8T.Y&X' \ $Z. R Y&X V 8Y8U%8_^TnUW([ S a*X*U R $8_#Y&=Y&UU%*aU \ U S U%W!/
	"_7U%'T R  S&V YZ.' S"\  R X]Y&U'cY8XZ S U'TUY8X[ S"\ !XY&U S T5ãT! R W.Y8cY R U%'_U R d;W R Wq_
	"Z.'%[(5TU<Y&X*X=8Y_?U SM\ 'U'%[(T$d._#U%W!KY&T]_ S U S Z S&V U%WK[ S a!*X*U%8_2d.$o¢ ë ì
½½ ¼ Y_-Y V T R U% S T S&VAR WbY&% \ 5T._U6Y&U-X S U%'[6Z15cY&U%j¼ S $''d$*U_W.Y8X*Xa.Y8$Y8*T?'[(Z!W.Y_7*' \ U%W.Y8U#U%W98Y_ S T V3S -U%W![ S a*X*UKY&T]_ S U% S Z=]_uT S U#T R 8__%Y8%*X \ !/U S Y(Z.' S"\  R X]Y&U%5cY&XoZ S U%'T"U%]Y&X[ S"\ XY8U% S T Æ öX S"R Whò´ Ç   T S  \ 'U S T \ 5c_U<Y&T \ UW S *T S8V UWY8T_ S U S ZMY&T \ i_Z. R ]Y&X*X/T S"\ 5#U S 
	"ZXY8*TUW V  S [ 
	"Z.'%[('T"UcY&X \ Y8UcY \  \  R  \ ZbY&cY8X*X'XY8T \ Z.'%Z.'T \  R !XY&C[ S a!*X*Ua.W.Y
" S c_2dT"[(5% R Y&X R Y&X R X]Y&U% S T._;Y8%9T R 8_%_Y&j T S  \ ';U SK\ 5[ S T._7U%<Y&U%-U%W!^	]_U%5T R  S&V [(*T$Y8Z._aK[(8Y_*TBU%W9Z.Y8Y8X*X*5X>Y&T \ Z15%Z.'T \  R X]Y&-[ S aX*UKY_Y V T R U% S T S8VCR WbY&% \ 'T._7*U=Y&U-X S U'[Z.'<Y&U%!%$d$U%W!3Z.Y&<Y&X*X'X.Y8T \ Z.'Z.'T \  R XY8  X S T*U \ *TbY&X0Y&T \ ¼#Y8X*X8_]_UcY8T R  S8V
Â ´jl
_%Y&[6ZX*ï0+l¾+_k[(8Y_ \ Y&U-e ìú´f+  jY&UY_ \ 5Z S _U% \ Y V U%';WbY "*T!
\S T=UW=[(8Y_7%5[('T"Uc_2dZ8_5TU \ *TÂ_7 R U% S TP¾f+ Â  S TU%W]_/_Y&[(Z!X*$d;W R WY&X*X S -_U SMR W.Y&T/UW R W.Y& \ 'Tb_*UÉY&U9X S U%'[6Z15cY&U%jeW	Z.'*[('T"UcY8X
\ Y&U<YnY8%M_W S ;T*TÂÈ}¾" Â' Z S *T"Uc_  eW=Z.Y&<Y&XX*'X{¼#Y&XX[ S a*X*U?
	"W*aUc_U Sq\ "!0''T"UK_X S Z.8_2LÈ S K } é   Â l 7 R [ z dkU%W!h[ S aX**U?T R %iY_i_ V Y_U'Y_KY V T R U S T S&V`R WbY&% \ 5T._UqU%WbY&T V3S ( } Ã   Â l  R [ z eWZ.'Z15T\  R !XY&¼pY&X*X[ S aX**U R Y&TM
$'T=a. \  \  \ *T"U S UW%' \ !0'%'T"U»&'[(8_+» Ú ;UX S  R WbY&% \ 'T._7*U# } é +$4 Â l 7 R [M z% dUW9[ S a!*X*U*T R %8Y_8_'T"U%X%&;*UW*T R 8Y_7*T R W.Y& \ 'Tb_*U$'uUp } ì~+"($ Â l 7 R [ z d0U%W[ S a*X*U R W.Y8Ti_*U<__X S Z.#Y8T \ T R 8Y_78_ V Y_U');*UW/T R %iY_T R WbY&% \ 'T._7*U!Z(U S  }+* ´!(4 Â l R [ z tÈ S K } Ã ´($ Â l 7 R [ z d S T!h'[=Y8%r!_Y?_%Y8U%<Y&U S TÂ*TU%W!([ S a!*X*UR $j¼ S $''d$T S UZ R Y&X©»,»
;_7U% R U%!%9_-_'5TY_uU-;Y_;_''T=a=e# á $'X"a.Y&5*T[('U<Y&X. S 	 \ /B_5[( R2S T \  R U S B_7U%% R U%8_Z'Z.Y& \S TW*WT \ 
	_ V Y R 8_ S&V Z0 T0$aÂY&UKe ì ´!+  Æ á $'X*a.Y8'{è¾ Ç qeW]_^[(W"U9a1 \ !(U S UW%'X]Y&U%$'X%?W!*WLU'[(Z.'<Y&U%!%$LÈ S (*T._7UcY8T R $d õ S X*M'U(Y8X Æ õ S X!ññ Ç S ab_'$ \U%WJ»1»2u_U% R U%T?*T$'c_7 S TXY
$'<_ S T3 ÂÂ ò  $CY&UBe¸ì Â ?ñ8 d4;W5%8Y_T S_*T S&V U%W!h»,»
_7U% R U%!%/Y__5'TY&UKe ì ´f+ k S  S $''d*TÂÈ¾" Â5 dU%W(Z.'Z.'T \  R XY8#¼#Y8X*XC[ S aX*U \S 8_T S U	Wa*UBYZ S T S T R  \ [=Y1	[[d;W'T(UWBÈb5%[(X
$'X._ R X S _7#U S UWB_ R)S T \ [(T*jY&Z5uUzº.c_7U;XY8T R 9Y<Y&UW'
\ _Y&ZZ S TU*T=8_XU
6¼ S 
$'5d:Y8UYM_ R2S T \ XY8T R $dUW/	Z.'*[('T"U;_ð$*U*[(Z S UcY8TU-_7*T R B*U9_7''[=_U S $Y/W!*T"U V3S #U%W R W S  R  S&V Y&TX*;W R WMW.Y_-U Sa1 R W S _7'T=*T=U%W!^T"[(5% R Y&X R Y8X R !XY&U S T._2
;U9U%W]_#Z S *T"U'd>*UB_W.Y8X*XCa1K%5[(*T \  \ U%W.Y8UUW/[ S _U9'[=Y&rY&aX!0 R U9a.UC''TBUcY&r"*T!#U%W-_ R Y&UU%'*T`Y&TX*87"û üý Y&T \ U<Y&r"*T#UW-_ R Y&U%U'%T9Y8TX87ù ;W'T_ S XT(UWX*T8Y&*' \ ö S X*U'[=Y&T!TU%<Y&T._7Z S %UBð$.Y&U S T3_ R U% S T9µ´   _p_''T¯d;W'TUW-È'%[6'T5%9]_*TBU%W-_7 R2S T \ [(*Ta.Y&T \ Ú UcY8rT-U%W-_ R Y&UU%'*TpY&TX*7û8üý d$YZ S T S T R  \ [=Y,	"*[K[L_o_''T¯d,;W5%8Y_*U>_X8_%_>Y R5R 'T"U%.Y8U% \ d1;W'TU<Y&r:*TKU%WxY&TX*;7ù _7'È8 Â ¾(Y8T \ *Tb_'U S&V È>*¾" Â'  p?Y&U%W!'[=Y&U R Y8X*X$dUWð4i_U% S T<;W R WÉ_ R Y8U%U%5%*T!(Y8TXW.Y_uU S a.UcY8r$'T<;W'Tq_ S X%"*T!/UW9X**T!8Y&*' \ö S X*U'[=Y8TTU%<Y&T._7Z S %U-ð$.Y&U S T V3S ;Y9[ S"\ X]Y&U \ +, á{â W.Y_T S Ua.'5Th8_ S X%$ \$'U Æ(= *[=Y8T¾ Â'Ç > ' V3S %[(TUW R Y8X R !XY&U S T._:*T S  \ 'U S !T \ '<_UcY8T \ U%W!w	Z.'*[('T"UcY8X \ Y&U<Yd;W*XY__[6*T=U%W!Kµ'¶·¸_7U%%5TUW S8V XY8U%'<Y&XZ S U%'T"U%]Y&Xk[ S"\ X]Y&U S T?;U%Wq%_Z. R U#U S U%WU'[(Z.'cY8U% \ 'Z.'T \ 5TU R Y&X R XY8U% S T._2d S T R U<Y&r"*T=UWKY&TX*&7"û üýY&T \/S T R -UcY8rT9U%WpY&TX*@7"ù d S T S aUcY8*T._kU%W V3S XX S ;*T! R $8_)d$_W S ;T6*T6È*!¾ Â5 -eW R Y&X R XY8U% S T._-Y&Z.' V3S %[( \ Y_%_7[(*T!(YU%'[6Z15cY&U% S8V e¸ì´+ $*T R  S T R W.Y&T8_U%W! R WbY&% \ 'Tb_*UaU%W`Y&ZZX R Y8U% S T S8V Y9$Y&U@ S X*U<Y&#s a15UC''TMU%WB$Y&U(Y8T \ U%W!K+, áâ d*U-_#Y_%_![( \ d.U%W.Y8U9U%WT"[Ka15 S&V %'[ S U% S T!*' \ª\S T S c_/'[=Y8*T._ R2S T._7UcY8TU5d;BAC ì  } s  ì©l&[6s  ì ´!(4 Â l  R [  z 
Â ´ Â
eW]_#_-Y \ "!0'%5TUpY__[(Z!U% S T?;*UW?%8_7Z1 R U#U S U%W[(iY_!%'[(5TU<_Y_9Y V !T R U S T S&V U%5[(Z.'cY8U%$&#_9Y R2S T._ð$'T R $dU%W6Y&XX S q_ R Y&U%U'%T=a. R2S [68_#[ S [(Z S %U<Y&T"UkY&UoW*W' R W.Y& \ 5T._U&Y&UC } ìô¾$ Â l 7 R [  z d$UW R2S TU%aU% S T S8VY8X*X S 6_ R Y8U%U'%TU S UW9U S U<Y&X8_]_UcY8T R #]_´$l:DE;*UWh8_Z. R UU S ¾l:D S&V %5[ S U S T' \ *[(Z!%Ux_ R Y8U%U'%T<e=ìú´f+   eY8rTUW;Y8TX-7"ù d S Tzº.T \ _>*T9U%WCZ.'%Z.'T \  R X]Y& \ * R U S TBY S$S"\ Y8'[(5TUa.'UC''TU%W!
	"Z.'%[('T"UcY8X \ Y8UcYBY&T \ T"[(5% R Y&X R Y&X R XY8U% S T._)eW#	Z.'[('T"UcY&X \ Y8UcY(Y8%98_7Z1 R Y8X*X%FY&X]_ S ð4bY&T"U%*U<Y&U%$'X46  C'X*X'Z S"\  R  \ d;W'TUWÈ'[('T5%q_#TtU%Wv_ R2S T \ [(T*abY&T \ < T R)S T"U%cY_U5dUcY&r"*T!U%W!=Y&TX*<7"û üý \ Y_7W \ X*T  X*iY \ _U S Y&T S $'8_U*[=Y8U% S T S&V U%W#Z.'Z.'T \  R XY8;[ S a!*X*U;W'TUWMÈb5%[(k'T5%q_TU%WM_ R2S T \ [(T*abY&T \ d>$!nUW R W.Y8cY R U%'_7U% R [=Y,	""[K[ S&V UW-_ R)S T \ [(*T!*a.Y8T \ _T S U;_7''T
	"Z.'%[('T"UcY8X*X%j:eW]_[(*WU>*T \  R Y8U%UW.Y&U#UWY8TX7"ù _W S X \ a. R2S T._7 \ 5% \ Y_p_ R Y8U%U%5%*T!(Y8TX;W'Tq_ S XT/UWX*T8Y8%' \ ö S X*U%5[=Y&TTKU%<Y&T._7Z S %Upð4bY&U% S TGu'jY& \ *TpU%W;Z.Y8cY8X*X*5X \ % R U% S Td S T \S i_AT S Uº.T \ _ R W S$S"\ ð$.Y8TU*UcY8U%$Y8%5'[('T"U'eW!;T[6'% R Y&X R Y8X R X]Y&U S Tb_ W.Y
$ka.''Tx_W V U% \ *T[ S aX**U@7À#+$ Â l,H
R [ z sB  _ ) Y&T \ T R W.Y& \ 'Tb_*U?7À l$4 Â l 7 R [ zc #eW!_;[(*WU;a. \ BU SUW V Y R U/UW.Y&U S TMW.Y_/T S U&$'U V3S T \ U%W S ZU*[=Y8X8_7U%*[vY&U% S T S&V U%WMXY&U'cY8XZ S U'T"U%Y8X[ S"\ XY8U% S T=eW]_^
	"Z.'%[('T"U \ 5[ S T._7U%<Y&U%i_^Y8$Y8*TdT \ 'Z.'T \ 'TUX%
S8V U%WÁð4!8_U S T S8V _ R Y8U%U'%TÂY&TX*$d#UW?
	"_U'T R  S8V UW7ºbc_UMY8T \ _ R2S T \[(T*jY&Zzã-TX%I;*U%W6U%W-W'XZ S8V U%W!X]Y&U%5cY&X.Z S U'T"U%Y8X.[ S"\ X]Y&U% S Td$UWZbY&cY8X*X'XY8T \ Z.'Z.'T \  R XY8[ S aX**UKa.'W.Y
 S pY_9Y V T R U% S T S8VR W.Y8% \ 'T._7*U R Y8T?a1T \ 'c_7U S$S"\ #_;Y R)S T R X._ S Td.*T=UW_ R WbY&ZU';*U8;Y__7W S ;T?a(UWTU'%Z!XY
 S8V 
	"Z.'%[(5TU<Y&XY8T \ U%W S %5U% R Y&X%i_XUc_ Ú
J eW!*[(Z S UcY8T R  S&V *T R X* \ *TUW%'x_a!a.Y&T \ _`TUW \ 'X* R U% RuV T R U% S T;W!'T?U%T/U S T \ 'c_7UcY&T \ a S UW?U%WB[ S a!*X*U S8V YK[ S"\ X]Y&U% \ Y&T \ T[ S"\ XY8U% \ +, áâ Y&U-W*W' R W.Y& \ 'T._7*U S pY&U;WW';U'[(Z.'<Y&U%!%$
J eW!#
	"_U'T R  S8V [6*T$Y&Zb_AT/UW#a.Y8T \ _7U%% R U% S&V Y9[ S"\ X]Y&U \ +, á{â d[vY&T V 8_U*T;UW'[=_7'X%$8_T^a S U%WU%5[(Z.'cY8U% \ 'Z.'T \ 'T"U>Y&T \R W.Y& \ 'T_7*U \ 5Z15T \ 'T"U[ S a*X*U[(8Y_'[('T"Uc_)
J eW!/[(Z S %U<Y&T R  S&V UcY8rT(U%W!(_7 R2S T \ È S %' R2S _÷ R 'T"U S8V U%W!XY&U'cY8XZ S U%'T"U%]Y&X$[ S"\ !XY&U S T^TU S Y R'R2S !TU5d&$:UWk[ S"\ X]Y&U S T9Z S U'T"U%Y8X R Y&T!T S Ua. R2S T._7 \ 5% \ TMY/_7*T"._ S  \ Y8X>Y&ZZ S 	[=Y&U S T¯
J eW!q_ R Y8U%U%5%*T!Y&TX*97"ù _7''[=_U S a1?UW[ S %M%'XY8aX*MY&Z!Z S Y R WK3*TR)S [(Z.Y8%]_ S TKU S 7"û8üý  V3S kU%W!#_ R Y&UU%'*TBY&T!X*-*TKU%W!X*T8Y8%' \ ö S X*U'[=Y&T!TUcY8T._Z S U#ð$.Y&U S T V3S #Y[ S"\ XY8U% \ +, áâ 
Â ´j+
L M NPO QSRUT V
L WYX Z\[)] ^9_`WYX
a0Y&U%5cY&XIXb#_ ¦dc Y#_M_Z.'XY&UU% R 8_ S T\ R *TbY&X9_7 V Y R 8_Y8%q S ;T Y&T \ UW''X* R U% S T R Z S Z.'U%*i_wY8%;T$8_7U%$Y&U \ aUcY8T._Z S U[(iY_!%'[(5TU<_20[(' R Y8X
R Y&X R XY8U% S T._(Y8% \ 
$'X S Z. \ U S T \ 'c_7UcY&T \ U%Wq
	"Z.'%[('T"UcY&X-[(8Y_'[('T$U<_
R2S [(Z!%'W5T._$'X$:È S wUWfe.<_UkU%[($d'U%W!
	"_7U%'T R  S&V [6*T$Y&Zb_Y&T \ [(T*a.Y8T \ _*T9U%Wi_krT \#S&V _U% R U%i_Y8% R2S T"*T R TX \ '[ S Tb_U%<Y&U \ a#U%'[6Z15cY&U%AY&T \
R W.Y8% \ 'T._U \ 5Z15T \ 'T"U;%8_7_7U%%"*U[(iY_!%'[(5TU<_2
g $Y&T!*' \ [ S X* R XY8^a.8Y8[ 'Z*U<Y,	 S Th" R T.Y&X_ V Y R i_/Y8X*X S -_U StR 8Y&UU S  \ *[(5T._ S T.Y8X'X R U S Tq__7U%'[v_2d4;W R WqY8%KZ.'% S"\  R Y8X*X [ S"\ !XY&U \S TªYT.Y&T S [('U% R _ R Y8X*=*T S T \ * R U% S T,-U S UWZ.' S"\  R Y&X-XY8U%'<Y&X;Z S U'TUY8X[ S"\ X]Y&U% S Td);W R W_5T'cY8U% \ aªU%WÉY&X*U'%TbY&U% \ 'Z S _7*U S T S&V -X-Y&T \ c YY&U S [=_/!T \ 'KX S ic_7'T R a.Y R r" S T \ Z8_%_7%  S Tj R *TbY&X;_7 V Y R 8_)d[(*T!"$Y&Zb_;Y&T \ [6*Ta.Y&T \ _wY8%]_#T S T \ % R U S T S8V U%W#abY&T \ _7U% R U%!% S8V U%W#X]Y&U'cY8X[ S"\ X]Y&U% \ 'X* R U% S T=__7U%'[?eW!([(*T!*$Y8Z._Y8T \ abY&T \ _KY& \ '[ S T._7U%cY8U% \ aqU%'[6Z15cY&U% \ 'Z.'T \ 'T"U[ S aX*UC[(8Y_'[('T"Uc_):È S >U%W!_:ZZ S _jdU%WCY8T_ S U% S Z9cY&U S-S&V UWk[ S a!*X*U
e 'kKl  ¦ l ¼ ]_[(8Y_ \vV3S  \ "!0'%5TU R WbY&% \ 'T._7*U*8_)9,'Z.'T \ T S TnUWR W.Y8% \ 'T._7*U$dUW

	"W*a!*UZ S T S T R  \ [=Y1	[=Y-Y&U.e.TU%-U%'[(Z.'<Y&U%m;W R WY&%]_ V  S [@Y8T?Y8T S [=Y8X%K*T=U%W!^[ S aX**UBZ15%Z.'T \  R X]Y&;U S UW9XY8U%'<Y&XZ S U'TUY8X[ S"\ X]Y&U% S TeW!_h]__7W S ;T a R Y&X R XY8U%TU%WtabY&T \ _7U% R U%!%*T YL_'X V  R)S T._7_U'T"Un#Y&U%%5Y&ZZ! S 	[=Y&U S T eW%8_7X*U*ToY
$ V T R U S T._nY8%._7 \ U S _ S X$U%Wq_7'[( R XY__ R Y&X;X*T8Y8%' \hpS X*U'[=Y&T!T U%<Y&T._7Z S %UM1q$.Y&U S TLTYt'XY1	Y8U% S TU%*[6Y8ZZ S 	"*[vY&U% S Td R2S T._7 \ 5%*T!^ S T' \ [(Z*U$d8Y&XX S KY&T \ Y R2S ._7U% R ZW S T S T_ R Y8U%U%5%*T!?r)q$.Y&XX%$dUW=_U S TtY8T_ S U S Z S8V U%W R2S X*X*]_ S TqU%*[6 \ !(U S UWY&T]_ S U S Z S8V U%WKa.Y&T \ _U% R U%K_9UcY8r$'T?*T"U S Y R5R2S T"U'=eW!/[(Z.Y R U S&V UW_ R2S T \ È S *' R2S s R *'T"U S&V U%WX]Y&U'cY8XZ S U%5TUY&Xo[ S"\ X]Y&U% S TqY_tC'X*XoY_#UW
uvj
!0 R U S&V *T R X \ T9W*W'-_!aa.Y&T \ _3Z=U S UW%'  *T6U%W \ 'X* R U%% RwV T R U S Th]__7U% \  \ __7U%'[=Y8U% R Y&XX% V3S CY_7[=Y&XX.Y&T!X*`_ R Y8U%U%5%*T!/'[ S U% S T' \ *[(Z!%U Y8T \ YX]Y&Y8TXK_ R Y8U%U'%T#Y&XX S   Z S U%'T"U%]Y&X,U S U%W!_ \ 'UcY8*X \ Y&T.Y8X%!__)dUw]_wZ S __aX*-U SBS aU<Y&*TvY^U%W S  S W=
	"ZX]Y&T.Y8U% S T S8V U%W-
	"Z.'%[('T"UcY&X \ Y8UcYd!Y&T \8_7Z. R Y8X*X U S T \ 5c_U<Y&T \ U%W6Y&T S [=Y&X?*TqU%WKZ.'%Z.'T \  R !XY& \ % R U% S T?;W R WY8%_78_2d V UWBÈ'%[(.'T!'%d(_ R X S _7#U S U%WB_7 R2S T \ [(T*a.Y8T \ Ú
J ;UX S ÂU%'[6Z15cY&U%i_fexw  ly  d$U%W!Z.'Z15T \  R XY8%8_7_7UcY&T R T R 8Y_78_[K R W V Y_U'U%W.Y8T TtU%W=Z.Y8cY8X*X*5X \ % R U S TqeW_T*UY&XC*T R %8Y_=Y_/Y
V !T R U% S T S&V U%'[6Z15cY&U%9]_ \ !U S U%W!_ R2S T \ È S %' R2S s R *5TU S8V UWX]Y&U'cY8XZ S U%5TUY&Xo[ S"\ X]Y&U% S TI U \S 8_9T S U S TX R Y&._7U%W S Z.'T*T! S8V Y_7 R2S T \ [(T*jY&Z S&V _[(*X]Y&9_7*'KU S U%We.<_U S T!$dUY8X_ SqR2S Z!X*8_9_U<Y&U8_2d!T R2S !ZX* \ a. V3S %$dk'TW.Y8T R T?U%W"._^UWM_ R Y8U%U'%T?Z S a.Y&a!*X*U$9n'%5aUW9[(r"XY8ZZ(Z S"R 8_%_78_;Z S $ \ U S a. S&V _7Z1 R Y8X*[(Z S UcY8T R  V3S UW9Z15Z.'T \  R !XY& \ *% R U% S T
J eW!Z.'%Z.'T \  R !XY&;8_]_U%"*U \  R 8Y_78_;Y&U-WW'-U%5[(Z.'cY8U%$eW]_u]_
\ U S 'TW.Y8T R  \ _ R ''TT6Y&U-W*W'#U'[(Z.'cY8U%$C[(' R Y8X*X$d$*U-W.Y_U S a.#U<Y&r$'TK*T"U S Y R'R2S T"UwaK*T R X \ T9W*W'C_a!a.Y&T \ _*TKU%W \ *'X R U% R
V !T R U% S T
8Y_*T?UW=Z.'%Z.'T \  R X]Y&xY&T \ Z.Y8cY&XX*'XC[ S a!*X*U?Y_Y V !T R U% S T S&VpR W.Y8%
\ 5T._UMY8U#X S U'[(Z.'cY8U%$d._5'[=_U S *T \  R Y&UUWY8T._C'#U S U%WBU%W S %'U R Y8X
S Z15T&q4i_U% S Td1;W R WB_ R Y&U%U'%TpY&TX*Bz7{û&üý S .7{ù  W.Y_U S a.U<Y&r$'T@;W'Tx_ S X%"*TUWX*T8Y8%' \@pS XU%'[=Y8TT9U%<Y&T._7Z S %U q4.Y8U% S T V3S oY[ S"\ XY8U% \ 'X R U% S Tx_!_U%5[TLY?%'X]Y,	!Y&U% S TU%[(=Y8ZZ S 	"*[=Y8U% S T Ú U<Y&r"*TqU%WMY8TX?7{ù d S T!|e.T \ _/a.'U%U'Y8%5'[('T"U9a15UC''TtUW=
	"Z15%*[6'TU<Y&X \ Y&U<YnY8T \ U%W R Y8X R !XY&U S T._^UW.Y&T3;W'TU<Y&r"*T27{û üý eW;*[(Z S %UcY8T R  S8V *T R X* \ *T#W!*W!'k_!aa.Y&T \ _wT/UW \ *5X* R U% RoV !T R U% S T6Y&UWW5U%5[(Z.'cY8U% S  R WbY&% \ 'T._U_1q$.Y&XX% \ '[ S Tb_U%<Y&U \xV3S CY&T(T![ S"\ X]Y&U \ +,Br c  Uk_wZ S *T"U% \S UCU%W.Y8UkU%W-*T R X*._7 S T S&V W!*W!'C_aabY&T \ _k_k[ S [(Z S %U<Y&T"U V U%W=Y
$'<Y&=_ R Y8U%U'%T?$ R U S 9__7[=Y&XXd$!?U%W(}!: R U]_[ S Z S T S T R  \vV3S -%5[ S U S T' \ *[(Z!%Ux_ R Y8U%U'%TU%W.Y8T V3S #Y8X*X S 6_ R Y8U%U'%T TÉ_ZU% S&V UW8_xY R W*$'[('T$U<_2d[ S"\ XY8U% \ U S6\ *[(5T._ S T.Y8X:'X R U% S TÉ_!_0U'[=_-Y&%8~%b_U#TU%W!a15*T!T*T S&V a.'*Tv_!_U%5[=Y&U R Y8X*X%6_U \  \ a=UcY&Tb_Z S U[(iY_!%'[(5TU<_2>eW'9Y&_U*XX:[=Y8TK
	 R *U*TB
	Z.'*[(5TU<_U S6\S Ú U' S !X \ a.$'M*T"U%'8_U*TKU S Z.' V3S %[ R Y&ZbY R U S XUcY&[(8Y_'[('T"Uc_)da. R Y8._MU%W R Y8Z.Y R *U S8V Yq+,'r c ]_ \ * R UX%?Z S Z S U% S T.Y&XpU S U%W! \ 'T._U S8V_7UcY&U8_ S&V U%W!9_!_U'[?wj*T R -U%W! \ 'T._7*U S&V _U<Y&U8_a. R2S [68_ S T \ [('T._7 S TbY&X0Y__ S$S TY_U%WKÈ'[('T5%='T"U%5c_-Yv[6*T$Y&Z¯dU%W[(T*jY&Z._-_W S X \ a1K1q$.Y&XX%
uvdv
8Y_hU S(S ab_'$$;ZMU S T S  V Y&-;T V cY8% \ [(8Y_'[('T"Uc_*TMXY8U%'<Y&Xo_Z.'XY&UU% R 8_ V Y&a R Y8U% \ a9U%WC S ;UW S T" R *T.Y8X$_! V Y R 8_ \  \ T S Uk_7W S t
" \ 'T R  S&V UW
	]_U'T R  S&V [6*T$Y&Zb_2  U@ S X \ a. S %UWnU S U UW8_7/[(iY_!%'[(5TU_-Y&$Y8*T;*U%WªU%W=_Y&[(Z!X*8_9_U \  \ *TªU%W]_ S r:É,=U S UW(W'(Z8_'T"U% \ 8_XUc_)dU%W9
	"Z.'%[('T"UcY&X \ Y8UcY(_7W S !X \ a.B8Y_7*';U S Y8T.Y&X'j- \\ U% S T.Y8X*X%jd S T!_T S 
R Y&Z.Y8aX*BU S Y \ ~%._7U#U%WZ S _*U S T S&V U%WxÈ'%[(X
$'Xd;W R W;Y_-T S U#Z S _%_aX*T
V3S %[6'k
	Z.'*[(5TU<_2 U S X \ a.?Y8X_ Sª\ 8_7*<Y&aXhU S a. R Y8Z.Y&a!X*=U SªR %iY&U%É_U S T!'KXY8U%'<Y&X;Z S U%'T"U%]Y&X>[ S"\ X]Y&U% S T._)a0Y8U%'<Y&XC_!Z15%XY8U%U R 8_-a.Y_7 \ S T Tp_ ¦c Yd#_9_''[©U S a.Z S [(_7*T!`n S C
$'5d8Y \\ U% S T.Y8X \ "s R X*U*8_:TU%W; S ;U%W&;*XX.Y&_7 \ ;U S UWXY&UU% R  R2S T._U<Y&T"U;[(_7[=Y&U R W S8V  T#_;Y&T \ c Y#_BD  È S [ Y[ S %U%W! S 'U% R Y&XkZ S TU S&V "*
9d>*U9_9*T"U%'8_U*T=U SÉR2S [6Z.Y&/UW
	Z.'*[(5TU<Y&X$%i_XUc_Y8T \ UW S 'U% R Y&X0Y8T.Y&X_7_wZ!%8_7'TU \ *TKU%W]_ S r;U%W(UW% R 5TUX%(Z.' V3S %[6 \ 
	"Z.'%[('T"Uc_k*T9q$.Y_7 u , S $Y&T! RKR2S T \  R U S c_ Æ  S _'8d Ç g T!ebT \ _/TUW8_7?_U% R U%8_/_7*[(XY8Y&T S [=Y8X S b_a.'W.Y
" S <Y_ \ _ R ._%_7 \ TU%W]_f S r  S T?UW R Y,	"_ R2S T \  R U%"*U6Y&U-U%'[(Z.'<Y&U%8_;Y8a S $ u ll/yd;W R W;Y_#TU'%Z'U% \ Y_a.UU%T'a.bq4 \ Z!W.Y_7$&X*UW S WnUWKY&T S [=Y8X% ]_#[/ R W_U% S T'k*TKU%Wi_p_!_U%5[=_Y&T \ _W V U% \ *TKU%5[(Z.'cY8U%$d&Uk_. S %U%W6U S q4!8_U S T¯dT \ '';W R W R2S T \ *U S Tb_ S T R2S X \ 	Z. R U`YvZ!% R !c_ S  S&V a.!U%U%T5^Xq$ \ TU%WB_U% R U%8_;_U \ * \ T=U%W]_f S r:
uv 
uv
 _5 [._`WT3NO M
Æ Xa% R W"U) Ç 1Xa% R W"U'd
n$[(5U'd',B
n']_%_)dy S TIy`X*U'*T!d1G^n'TT!*T!dt:a0Y&T'Ta! R W¯d$t$Wr$$dGIS __X''dsx8[=Y&Tb_r$d8Y&T \ nB R W5*''5d>W!_2G;
0a.'UU8?++ 1v  u d  
Æ T \"S  &Ç e#T \S d>W_)Gu
0 p  1v:  u :   
Æ T \"S 1 Ç e#T \S d>W_): S"R $Y&ZbY&T?40d u d# u :1  
Æ T \"S + Ç e#T \S dG;
0 S"\ >W!_ R _d v:  u +  
Æ T \"S + Ç e#T \S d p È S ;X*'5dY8T \ È.$U%5%TdG;
:! S"\ >AW!_2d v: # u +  
Æ T \"S + Ç e#T \S d>W_): S"R $Y&ZbY&TS  d  d   u d+  
Æ T \ %' Ç r;¡ xT \ 'd c .,
"*XX*$d!,   c XY8U%U%Xd.È$ c p :L*XX*Y8[=_2dr;4>Y8%]_Y&T \#p rU*'TT!$d>W_)Gu
0a.5U%U'¢£d.+¤  # u d  
Æ #_7W R  S8V U¥ &Ç _7'#$!¡#_W R  S&V U-Y8T \ ,B'[(*Td¦§¨©ª¦«z¬«­B®)¯° ±©²±)dn S X*Uf;"Y8T \ 5c_8 T"U%5%T.Y8U% S T.Y&Xr \ U% S T9 u ¤   
Æ p Y&)³ S _5ZW?d Ç  c p Y&#| S _5ZWdy¡ c S$S _%_7'Td&BBy# S d;G^fÈBy S Z V d,$ p "*XX*'Y&T \ ,±b  W'[6XYdZZX>W_)a.'UU'40d ,v l u d  
Æ p Y_7UcY8 \  Ç c  p Y_U<Y& \ d<´#¬:µ,­/¶·­²¸¯¬:¹©²¸±ºf»:»¨¼©½­ª¾«z§S¦¿­}À©²§:¹ª:Á²«z§:ÂÃI­«ÅÄ­}Â§,±}«ÆÂ}Á²}«ÆÁÂ¸­±)da.8_8r \ *U% S T._ \ >W_7q$$da.8_-X*_)dÈcY8T R $d"Z  d u d
Æ p X S"R W< vÇ  p X S"R WdB pS"R r$'X[(Y8TT6Y&T \ È4a0Y&'X*X$dr S ZW_)4a.'U%U54Çd l u  u  v  
Æ p %![Èd Ç ( p %[ Y&T \ c  p Y_U<Y& \ d: S X \ $U'  S [([KTd48+:< u   
uv 
Æ  Y&X* R r"   Ç _'Â$!9,  Y&X R rKY8T \ BeY
$'T*5'dÉB­%Ê'­²«Æ©§:¹\Ã@©(Ë1¯KÄ<Ì³¹Ä­}ÂÅË:°Ìf¨­²«ÆÂ§:¹|ÍI© Î'Â¬:²}«Æ©§:¹¬:¹ªÉB­%Ê'­²«Æ©§:¹|Ìm¨%­²}«ÆÂ§:¹|Ï}À¬
Ë:©¹Ë<§Ð@¦ÁÂ%Ð¬:²­±)d
Bke g ^ ;:Ñ
ÒÓ%Ñ8_)ds S XzÔ   d vu ZbY,ÕÑi_z>AXÑ'TÖ[È>.ÒÑ8_%_   u d¤  Ô
Æ  Y&Z.Y_%_ S ¤ Ç ÈfÔ  Y8Z.Y__ S d`¦¿­}À©²§:¹ª:Á²«z§:Â×±¬:¹ª¦¿­¸À©À­«Æ¬¨Ø±)d1s S XzÔ4Ç R Y \ Ñ'[2Ó R d$8Ñ
Ù  S Ò%r0d u # u :  Ô
Æ  W.Y&X[/Ñ
Òc_m Ç Ô$Ô  W.Y8X*[/Ñ
Ò<_2dÔ  Ô c S _%_%Y1Ò \ d>ÔÔ>`Ñ'UÒ S !dÔÔ c Y,ÓTÑ8_2d!Y&T \nÔyBÒ S [2Ñ
Ò'dÔsY R Ô1 R ÓÆÔ!eÚÑ R WT S XÆÔÛ u' ¤< u d  Ô
Æ  S X%Ñd Ç eBÔ  S X%Ñ$dÔ(IÔa0Y&r"W.Y8TÓd.Y8T \ >Ô(Ô:$UÓ*X%Ñi_2d>W_}ÔGÑ
ÔaÑ5U%U
Ô4Çd41ÜdÜ| u :  Ô
ÆØÝ Y&T.Y8T?: Ç c Ô Ý Y&T.Y8Td p Ô$rUÓ%Ñ5TTÑ$dÈfÔ$ S X*X S U'dG@Ô:>XY&TÑ'Xd:IÔÔdÑ8Y&T)a S ÖÓ]_2d!ÈfÔXÑ
	!Y&T \ ÒÑ$d p ÔÖ._%_Ñ
ÒcY8T \ d c Ô4aÑG S Ö	0dÔ¡ Ô!?Y,Ò
Ó*TdnIÔ1"Y
Y,Ò$d.Y&T \p Ô:ÑÒ%[=Y1ÕÑ$d>AW!_ÔG-Ñ
Ô p 4:d  Ül:< u ¤  Ô
ÆØÝ Ñ'XY1ÕÑ'aÑ8Y1Ö \ Ñ
Ö V l Ç Ý Ô Ý Ñ5XY,ÕdÑ'aÑ8Y,Ö \ Ñ
Ö V d¿>Ô Ý Ñ'XÑ8_ R XÖ._Ñjd>`ÔrAUÓ%Ñ'T!TÑ$d.Ô¿a0Y :ÓÒ S T¯dÔ  W.Y&ZX]Y,ÒpY&T \ Ô.eBÔ4aÓTWdrX%Ñ R UÒ S T?aÑ'U%UÔ  ¢ d  $d u dl  Ô
ÆØÝ Ó*TÕX%Ñ1 Ç GÔ Ý ÓTÕXÑ$dnIÔ"aÔ:$U S Ò%[2Ñ
Ò'dÔ  Ô c S __%Y,Ò \ Y&T \ ÔoÓ%Ñ
Õ[=Y&T!TdZ!ZXÆÔ>AW!_Ô4aÑ'UU
Ôd  # u ¤   Ô
Æ rAXX%Ñ
Ö R W<d Ç ÔrX*XÑ
Ö R WdfÞÂ¬:¹:±»§:Â«ß­¨­²«ÆÂ§:¹©à
Á­­¸¹?Â¸­ÅË:©À­tª­IÀ§:á
©%¨©%«ß­
â@¬»:»¨©%Ä²¬«z©§:¹/¬:ÁãB±° ±}«:ä­}À­±tá
©ª:©À­}¹¤±©§:¹¹­¨¡±I²§:¹«ÆÂ¬:©¹«å±mÏ}¹¤º8¨Øº¥±æÏ¸¹¤º8¨¡º8± Ý Ó]_%_ÑÒU<Y&UÓ S TF>Y,ÒÓ_B u    Ô
Æ rw_Y&rÓ.8l Ç aÔrk_%Y8rÓoY&T \ G@Ô.e;_Öd  p çÔG-Ñ8_Ô.Y8T \ Ý Ñ
4Ô   d u  u :8l  Ô
Æ rAUÓ%Ñ'T!TÑ@ Ç p ÔrAUÓ%Ñ'T!TÑ$d.ÈfÔa0Y,ÒÖÑ'X*XÑ$dÔ p X S"R WdaÔ  V Y,	ÓdY8T \ ÈmÔ4aÑ'XY1ÒÕÑjdÔ  Ò_7U
Ô c Ò S ;U%W  £d   u d  Ô
Æ rAUÓ%Ñ'T!TÑ@  Ô u)Ç p Ô-rUÓÑ'TTÑjdÈmÔ¥a0Y,ÒÖÑ'X*XÑ$d = ÔfªY&TÕ!daÔ V Y,	ÓdpÈfÔ¥aÑ'X]Y,ÒÕÑ$dpÈfÔ>`Ñ5UÓ*U5deBÔC\èÑ'XÓ*TdCY&T \ IÔ  Y Y8TT.Yd#:Ñ5[/Ó R2S T \ Ôk R ÓÆÔke¿Ñ R WT S XÆÔ  d u  1v u    Ô
Æ rAUÓ%Ñ'T!TÑ@  Ô(Ü Ç p ÔdrAUÓ%Ñ'T!TÑ$dÈfÔ¤a0Y1ÒÖÑ5X*X%Ñjd$Y&T \ = Ô1ªY&TÕ!dbÑ'[/Ó R)S T \ Ô R ÓÆÔ8e¿Ñ R WT S XzÔ d u  u d   Ô
Æ r:Ñ5X*a.Y1ÖÑ
Ò- &Ç eBÔr:Ñ5X*a.Y1ÖÑ
Ò'dÔoÓ	 V3S Ò%UWd.Y&T \ Ô(>Ôy S UU%W.Y1Ö._2d
= Ô>W_}Ô p ¢d  | u    Ô
Æ È S ;XÑ
Ò d&Ç IÔ p ÔÈ S ;X%ÑÒ'dÈmÔÈfÔfÈ1Y8TÕdÔ(r-Ôn S Y,Ò \ d.Y&T \ >`Ô$Ô:$UÓX%Ñ8_)dÔ>W_}Ô: S"R ÔZT¿Ô4Ç  d   u    Ô
uv 
Æ c Y,ÓTÑ8_- Ç ÔÔ c Y1Ó*TÑ8_)d>ÔÔ>`Ñ'UÒ S !odnÔyBÒ S Ñ5[/Ñ
Ò'dG@Ô(Ô:Ó[/Ñ8_2dGÔúÔ c Ñ
Ñ'X]_2dY&T \ Ô(nIÔrTÕXÓ_7WdÔsCY R Ô. R ÓÆÔ!eÚÑ R WT S XÆÔÛ¢d u'  # u d  Ô
Æ n#Y1Ó¿ Ç c ÔéêIÔn#Y1Ó>Y&T \ Ô1jUÖ \ Y1Ò%U5d4>W_}ÔG-Ñ
4Ô p Ç0d d  u d  Ô
Æ n¥Ñ
ÓaX%Ö![PÜ Ç Ôn¥ÑÓ*aXÖ[?d$Ô$ ¸Ô"#Y8U%W.Y8Td0Y&T \  Ô(Ô  W.Y&TÕ!d S X%Ó \ $U<Y&UÑrX%Ñ R UÒ S TÓ R _ws S XzÔÇ0d u  u d| u dÜ  Ô
Æ n¥Ñ'T!'X%Ñ
Ò- vÇ Ôn¥Ñ'T5X%Ñ
ÒCY&T \ Ô  XY8aÑ8_2dZT¿ÔÔ-ZZXÆÔ>W!_Ôd::ÖZZXzÔÜ"d>AUÔÜd  d| u ¤ v  Ô
Æ n¥ÓÒcY&rY1;Y 8Ç yÔn8Ó%ÒcY8rY YY&T \ nÔ14Y&rY&rÓd>W!_Ó R Y&XG-Ñ
Ó%Ñ
@Ô p  ddÜ u  u    Ô
Æ n S ÒÓ*r S _WÓë 8Ç s;Ôn S ÒÓ*r S _7WÓd!Ôy9Y
;Y_WÓ[=YdnÔ CY&[vY,ÕÖ R WÓdZT¿ÔÔ-ZZXÆÔ>W!_Ô4Ç0d4a9  | u d   Ô
Æ y9Y&Z S TF Ç r-Ôy9Y&Z S Td Ý ÔÔn¥Y&TÕKY8T \ G@Ô p W.Y&U5d>W!_ÔG-Ñ
ÔaÑ'UU
Ô¢d v$ l| u d  Ô
Æ yBÓ*[P &Ç Ý Ô±Ô$ytÓ[ Y8T \ nIÔ±Ôy S d>W!_ÔG-Ñ
Ô p d uv dl? u    Ô
Æ y#X%ÓU%
ÓTÕIl Ç yÔ4Ôy`XÓ*U
Ó*TÕ!d c Ô Ý S Ò \ Y"d:Y8T \ Ô>`Ñ'ZZÑ
Ò5d>W!_ÔG-Ñ
ÔaÑ'UU
Ô4 v  v  u dl  Ô
Æ yBÒÓ]_WT.Y8[ÖÒ%U%W vÇ ÔytÒÓ_7WT.Y&[&ÖÒU%W$d:Ô4a S Ò%r:Ñ$d.Y8T \ >`Ô>`Ñ'UÒ S !d:ÖÒ V Ô: R ÓzÔaÑ'UU
Ô£ d4a v    u d v  Ô
Æ a0Y,Ò<_Ñ'T: Ç _Ñ
Ñ3Ñ:Ô¡ÕÔ@>`Ô$yÔ@a0Y,Ò<_Ñ'TgY8T \ >Ô(Ô Ý S a._ S TEÑ \ _}Ô*dÏ¸¹«zÂ§1ª:Á²}«Æ©§:¹ì¬:Áã»¯@ß­}¹§:Àxß­¸¹­±Fª­/«zÂ¬:¹¤±»§:Â«B¨©¹­¬:©Â­±ª:¬:¹¤±<¨%­±<±1­}À©²§:¹ª:Á²«­}ÁÂ×±)dC?Y__ S T>Y1ÒÓ_B u     Ô
Æ a0Y,ÒÖÑ'XX%Ñ@: Ç ÈfÔa0Y1ÒÖÑ5X*X%ÑjdÈfÔaÑ'XY1ÒÕÑjd = Ô = Ô:ªY&TÕ!d.eBÔíèÑ'XÓ*TdÔ  Y
Y8TT.Y"d.Y&T \p ÔrUÓÑ'TTÑ$d S ÖÒT¿Ô S&V  Ò!_U
Ô c Ò S ;UW  î  ¢d u l¤ u d¤  Ô
Æ a0Y,ÒÖÑ'XX%Ñ@d Ç ÈfÔa0Y,ÒÖÑ'XX%Ñ$d1Ô  Y
Y8TT.Y"dÈfÔaÑ5XY,ÒÕÑ$d = Ô = ÔªY&TÕ!dY8T \p ÔrUÓ%Ñ5TTÑ$d S ÖÒ%T¿Ô S&V  Ò!_UÔ c Ò S ;U%WSÇ£  îÇ£4Ç0d u | u d  Ô
Æ aÑ
Ñ@: Ç Ô  Ô4aÑ
ÑBY&T \  Ô c Y&X*aÒcY,ÓU%Wd>W_}ÔG-Ñ
Ô p 0dG u
 lÜ u d¤  Ô
Æ aÑ'X]Y,ÒÕdÑ@ 8Ç ÈfÔ/aÑ'X]Y,ÒÕÑ$djï)Â§:©"±±¬:¹²­?»¬:Âçß­Æ»©%«Æ¬,ã,©½­ð»¬:Â/ñ1­«å±òÀ§¨ß­²
Á:¨¬:©Â¸­±­«ß­«zÁª­±±}«zÂ}Á²«zÁÂ¬¨%­±ª­¥±}«zÂÁ²«zÁÂ­±¥±1­¸À©²§:¹ª:Á²}«ÆÂ}©²­±;ª­@á¬,±±1­'ª:©À­}¹¤±©§:¹Ä
¹¬¨©%«ß­cd Ý Ó__Ñ
ÒUcY8UÓ S T?>Y1ÒÓ]_s@ ¥ u    Ô
uv 
Æ aÑ'XY1ÒÕÑI: Ç ÈmÔ4aÑ'XY1ÒÕÑjd.ÈfÔa0Y1ÒÖÑ'XX%Ñ$d!Y&T \p ÔrUÓ%Ñ5TTÑ$dr.ÖÒ S ZW_}Ô4aÑ'U%UÔ£ dÜ u'  u ¤  Ô
Æ ?Y&X \ Y,ÕÖÑ  Ç >`ÔÈmÔ?Y&X \ Y,ÕdÖÑ$d:ÖÒ V Ô1 R ÓzÔ4 dÜ   u ¤1  Ô
Æ ?Y&U%WÑ8_ S T?Ü Ç eBÔ c Ô0?Y&UWÑ8_ S TMY&T \ GÔÔn8Ó%ÕÕdÓ*T._)d>W_}ÔGÑ
Ô p Ç0dÜ   u dÜ  Ô
Æ \èÑ'X%ÓT< 8Ç eBÔ.íèÑ5X%Ó*TvY&T \ ÈfÔ4a0Y,ÒÖÑ'X*XÑ$d>W_}ÔGÑ4ÔaÑ'U%UÔ4¢d v Ü u < u    Ô
Æ \èÑ'X%ÓT< Ç eBÔM\èÑ'XÓ*Td¦:»­²«zÂ§,±²§»©½­í§»«z©à
Áó­ôª­Â.ß­±1­¬:Áª­Sõ)¨Ø±ìà
Á¬:¹«Æ©àÁó­±ö ¬,º8±æº8¨¡º¥±ìß­Æ»©%«z¬,ãd©ß­±<±ÁÂ±ÁÂ%Ð¬:²­±µ
©²
©¹¬¨Ø±1â?²§:¹¸õ+¹­}À­}¹«;à
Á¬:¹«Æ©àÁó­9­«
©¹«­}Â¬:²«Æ©§:¹2²§:Á¤¨§:Àá©½­}¹¹­I­}¹«zÂ¸­-÷Íì­«)ø
Í9d Ý Ó_%_Ñ
Ò%U<Y&UÓ S T¯dr R2S X%Ñ³> S XUÑ R WTÓbq¤ÖÑ u   Ô
Æ #Ñ'TTÑ@d Ç GÔ.#Ñ'T!TÑ9Y&T \ G@Ô(G@Ô c Ñ
Ò%WbY,Ò \ U'd>AW!_ÔG-Ñ
Ô p :d u 8l:< u   Ô
Æ #Ñ8_%_ÓY&Wd Ç _Ñ
ÑÑ:Ô¡ÕÔ#IÔ=#Ñ8_%_ÓY&W¯dð¶iß­¸²¸¯¬:¹©à
Á­Èù³Á¬:¹«z©à
Á­cd Ý Ö!T S"\ Z.Y,ÒÓ_ u d  Ô
Æ #Ó*X*XÑ
Òm Ç Ý Ô2Ô p Ô6#Ó*X*XÑ
Ò'd Ý Ô±Ô  WÑ5[(XY"deBÔ  Ô Ý Y8[/Ñ'Td?YÔ  Ô c S _%_Y,Ò \ dÔØoÓ%Ñ
Õ[=Y&TT¯deBÔ(nÔ¿ S$S"\ dkY&T \  Ô(Ô p ÖÒÒÖ._)d.>W_}Ô¿GÑ4Ô p 4Ç0d u l vj u d  Ô
Æ #Ó*X*XÑ
Òm u)Ç Ô±óÔ#Ó*XX%Ñ
Ò5d  Ô(r-Ô>.Ò S Ò'dnÔSÑ5[=Y&TdaÔ(Ô."Y&[ S _rY"dnÔyBÒ S Ñ5[/Ñ
Ò'dY8T \ >ÔÔ>Ñ'UÒ S !odÔ S&V  Ò_7U
Ô c Ò S ;U%W  d  Ü   u  u  Ô
Æ #Ó*X*XÑ
ÒmÜ Ç Ô±óÔ#ÓX*X%ÑÒ'dmnÔf9Ñ'[=Y&T¯d  Ô(r-Ô->.Ò S Ò'd-Ô-yBÒÓ]_WTbY&[&ÖÒ%UW$dm>`ÔfÔ>`Ñ5UÒ S !odnÔyBÒ S Ñ5[/Ñ
Ò'd!Y&T \ Ô"aÔ.#Ñ
Ò$d>W!_ÔG-Ñ
ÔaÑ'UUB¢d 1v:,v  u dÜ  Ô
Æ  S ÒÓl Ç Ô. S ÒÓ>Y&T \ eBÔT \"S dÔ>W!_Ô: S"R Ô$Y&Z.Y8T?d  # u l  Ô
Æ  S _ÑÒ8 Ç Ô S _Ñ
Ò5dkÔ c Y&a.Y
$dm>`Ô5¥Öa.Y8T:Ñ'TÓ%Ñ
Ò5d Ý Ô)5èÑ
Ò S [/Ñjd`yÔ p Ñ R WÕjYY,Ò \ d0Y&T \ Ô.ÔÈ.Y&aÒÑ$dr.ÖÒ
Ô>W_}ÔÔ p\ d  < u d  Ô
Æ  S U S WÓ_Yd Ç Ô$ S U S WÓ]_%Yd!Ô$e>Y&T.Y8rY"d.Y&T \ nÔ4Y&rY&rÓdZZXzÔ:>W!_ÔaÑ5U%U
Ô0du Ü uv d` u d  Ô
Æ ¥Ñ'X_ S T? vÇ ÔGÔ!¥Ñ'X]_ S TMY8T \ r-Ô p Ò S ;Td>W_}ÔG-Ñ
Ô poú d u1v d. u ¤ v  Ô
Æ >Y,Ò \S ll Ç ÈfÔ>Y1Ò \S Y&T \ Ô4aÔ>`Ñ'X S Ö.Y1Ò \ dU S aÑ9ZÖa!X%Ó_7WÑ \ Ô
Æ >`Ñ
ÒÑ5@l Ç ÈfÔd>`Ñ
ÒÑ'$d p ÔÖ.__%_Ñ
ÒcY8T \ d  Ô Ý Y&WXd$ÔÈ`Ó*X S"R WÑjd¤aÔ$ÈÑ
ÒXY8' S  ?Y&TÓTdY8T \#p ÔrAUÓ%Ñ'T!TÑ$d>W_}ÔGÑ4Ô p d uu l u dl  Ô
u  l
Æ >`Ñ'UÒ S !9 vÇ >`ÔÔ>Ñ'UÒ S !odÔ  Ô c S _%_Y,Ò \ d:Y8T \ ÔoÓÑ
Õ[vY&TTdZZ!XÆÔ>W_}Ô4aÑ'U%UÔ4:d  Ül< u  v  Ô
Æ > V Ñ
Ó"!Ñ
Ò³l Ç aÔ5> V Ñ
Ó"!Ñ
Ò5d.yÔ¿Ô`9Ñ8_U5d.nÔaÔAjU S Ò[/Ñ
Ò5d`Ô$>`Ôr.Ó_Ñ'T._UÑ
Ó*T¯d.yÔ¿Ôp Y&X \ -Ó*T¯d Ý Ô c Ñ
Ò<_W S TÓdY&T \ ÔjZÑ R U S Ò'd ZZXzÔ1>AW!_Ô,aÑ5U%U
Ô¢d   ' u l  Ô
Æ >X S$S Õ/: Ç yÔ>AX S$S Õ!d4Ô  Ò_7U
Ô c Ò S ;U%WF  d  l v  u ¤  Ô
Æ >.ÖrÓ*UÑt vÇ >ÔGÔ>.ÖrÓ*UÑ$dÔ.Ô"sY8T?n S :Ñ$d"Y8T \ >Ô ¸Ô  S WÑ5TdZZ!XÆÔ>W_}Ô4aÑ'U%UÔ d v    u  v  Ô
Æ "Y8rY8rÓ. &Ç nÔ:"Y8rY&rÓdyÔªY,ÕjY&Uc_Ö[=Y"d4Ôn#Y8[=Y_Y&rÓd"Y&T \ Ô:"Y1Ó*U S deWÓT  S X%Ó \ È`Ó*X[=_)¢d v ¤< u ¤   Ô
Æ "Y8rY8rÓl Ç nÔ:"Y8rY&rÓdZT¿ÔÔ-ZZXÆÔ>W!_Ô ú d4a¿  # u l  Ô
Æ "Y8rY8rÓd Ç nÔ:"Y8rY&rÓdZT¿ÔÔ-ZZXÆÔ>W!_ÔÇd4a uv  u d  Ô
Æ  R WÖ!X%Ñ'TaÖÒÕ; Ç Ôk R WÖXÑ'TaÖÒÕ!dfû@¬:¹§«­²¸¯¹§¨¼§¸Ë©½­<ÄÍI©½­2¨%­«ü}«­©¹ª:Á±}«zÂ©½­¨¨%­ÉB­¸µ
§¨Á:«Æ©§:¹d T._Ñ5X:s)Ñ
Ò%X]Y,Õ!d¿ u d  Ô
Æ :ÓaÓ*XX%Ñ8l Ç Ô:Ó*aÓX*X%Ñjd:Ô.ÈfÔ>Y8X*[/ÓÑ
Ò'd:nIÔtY8T \ Y8T \ ÈfÔ. S XX S U5d>W!_ÔG-Ñ
ÔaÑ'UU
Ô¢dÜ< u l  Ô
Æ :ÓÕÕÓ]Y8l Ç r-Ô Ý Ô::Ó%ÕdÕÓ]Y/Y8T \ >Ô  ÔyB S r0d>AW!_ÔG-Ñ
4Ô p Ç0d u lÜ v  u ¤il  Ô
Æ $W.Y8[ý1 Ç aÔ(Ô:$W.Y8[?d1óÔÔX*XÑ'TdÒ
ÔdÔy9Y&[2Õ$Y,Ò5dY8T \ Ý Ô  Ô.e;_ÖÓd>W!_ÔG-Ñ
ÔaÑ'UU
Ô£d v  Ü| u ¤   Ô
Æ $UÑ
Ò%T   Ç ÈfÔ:$UÑÒ%Td>AW!_ÔG-Ñ
4ÔaÑ'U%UÔ4Ç  d u :< u     Ô
Æ $UÑ
Ò%T#  Ç ÈfÔ:$UÑÒ%Td.:ÖÒ V Ô: R ÓÆÔd u ¤2 u :1  Ô
Æ $U S Ò%[2Ñ
ÒmÜ Ç nÔ"aÔ8$U1S Ò%[/ÑÒ'd
IÔ  Ô c S _%_%Y1Ò \ d"Y8T \ Ô
oÓ%Ñ
Õ[=Y&TT¯d S XÓ \ $UÔ  S [[&ÖT¿Ô  dil¤< u dÜ  Ô
Æ  S UÓ%ÒÑ'X%Ó]_) &Ç >`Ô. S UÓ%ÒÑ5X%Ó_kY8T \ >`Ô S T2X*X[/Ñ'Td >W!_ÔGÑ4Ô p 40d u Ü¤ vv  u    Ô
Æ $'[&ÖX S -Ó R _) &Ç ÈmÔ1$'[&ÖX S -Ó R _2d>AW!_Ó R Y&XG-Ñ
ÓÑ
@Ô p d v l u  v l v F u    Ô
Æ e>Y&TÕ&d Ç Ý Ô±Ô.e>Y&TÕ!d4>W_}ÔG-Ñ
Ô p ë0d u  u d  Ô
Æ e;_%Y8TÕ2Ü Ç ÔfeBÔ.e;_%Y&TÕdZZXzÔ>W!_Ô4aÑ5U%U8£dÜ u  u dÜ  Ô
u  u
Æ e;_ÖÓdÜ Ç Ý Ô  Ô.e;_ÖÓdnÔaÔ1$U S Ò%[2Ñ
Ò;Y8T \ Ô  Ô c S __%Y1Ò \ d>W_}ÔGÑ
ÔaÑ5U%U
Ôd u d< u Ü  Ô
Æ sBÓ*T"UÑ
Ò³ 8Ç p Ôs'Ó*T"UÑ
Ò5db S X%Ó \ $UcY8UÑ  S [([&ÖTÓ R Ô:d u  u  u    Ô
Æ s S Ó_Ó*T<d Ç >Ô:s S Ó]_Ó*T¯d¿Ô:s#XÑ
Ö._Ñjd  Ô pS Ö R WÑjd Ô c Y1Ó*XXY,Ò \ d  Ô¿XÓ*aÑ
Ò%U5d:Y8T \ ÔG-Ñ
ÕÒÑ'T$d>W_}ÔGÑ
ÔaÑ5U%U
Ô¢  d u # u   Ô
Æ c ÑÒ%W.Y1Ò \ U<_¥d Ç G@Ô(G@Ô c Ñ
ÒW.Y,Ò \ Uc_)d Ý Ô9Ñ
Ó__2d.Y&T \ yÔy#X%ÓU%
ÓTÕd>W_}ÔGÑ
ÔaÑ5U%U
Ô¢4Ç0d uu    u   Ô
Æ SÑ
Ó]_%_-d Ç Ý ÔSÑ
Ó]_%_)dyÔ4Ôy#XÓ*U%Ó*TÕ!dyÔ>X S$S Õ(Y8T \ c Ô9Ñ
Ó*[vY&TTdr.ÖÒ S ZW_}Ô4aÑ'U%U'd u 1# u d  Ô
Æ oÓ*Tr"X%Ñ
Ò³ Ç G@ÔÔoÓ*T!rXÑ
Ò;Y8T \ Ô>Ôy S U%UW.Y,Ö._)d>W_}ÔGÑ
ÔaÑ5U%U
Ô¢4Ç0d uu 2 u   Ô
Æ  S$S"\ l Ç Ô$r-Ô  Ô S$S"\ d c Ô:#Ñ'U
Ñ$dÔ p Ñ
ÒÒ$d!Y&T \ aÔÈmÔrwY_U[=Y&TdÔZ!Z¿Ô>W_}Ô4  d     u dl  Ô
Æ  Y8[=Y,ÕdÖ R WÓ¿d Ç nÔ CY&[=Y1ÕÖ R WÓ0Y&T \  Ôn S ÒÓ*r S _7WÓdZTëÔÔZZXzÔ>W!_Ô4Çd4a uv    u d  Ô
Æ(= Ó*[=Y8T u)Ç Ô.Ô = Ó[=Y&T¯d>W_}ÔGÑ4Ô  Ç  d u' Ül# u  u  Ô
u dÜ
r.:Ñ
Ò/UÓ*[/Ñ8 S Ö<Õ S ÔÔ%Ô  S ÖX%Ñ8Y
:ÑY`XÓ*UU%X%ÑCZÓ%Ñ R Ñ S8V  S Ö<ÔÔ%Ô
þðÿ  	


J Ý Ò
Ô p Ñ
ÒT.Y,Ò \ rUÓ%Ñ5TTÑ6Y&T \ Ý ÒÔ?ÈÒcY&TR2S Ó]_a0Y,ÒÖÑ'XX%Ñ:Ô #X%Ñ8Y1Ò%T"UYX S U V Ò S [U%WÑ5[ \ ÖÒÓ*TÕ/UWÑ9U%WÒÑ
ÑB:Ñ8Y1Òc_Ô
J Ý Ò
Ô)ÑiY&T/8aÖ R >`Ñ'X S Ö.Y,Ò \ kUW.Y&T!r_ V3S ÒpY&XXÆÔ
J >.Ò S&V Ô Ý Ò
Ô5S ÒÕtÚ>`Ñ'UÑ
Ò.y S U%U%WbY,Ö._ V3S ÒoW.Y
ÓTÕ9Y R5R Ñ'ZUÑ \ U S aÑ;[ Ý S r"U S ÒY&UÑÒ#Y&X*UW S ÖÕW· Y_#T S U'Ó*T?WÓ]_XY8a¿6  Y&T \V3S Ò`Y&X*XoWÓ_#_ÖZZ S ÒU \ ÖÒÓTÕU%WÑ9UWÒÑ
Ñ':Ñ8Y,Ò<_Ô
J Ý Ò
Ô)ÑiY&T/m B:Ñ8_?Y1Ò%
ÓT V3S Ò;WÓ]_fÓ*T"UÑ
ÒÑ8_UmÓ*T=U%WÑ9ZÒ S ÕdÒÑ8__ S&V [&>W¿Ô Ý ÔÔ
J T"U S TÑ'X*X]Y  Y
Y&TT.Ym-Ó*UW S ÖU;WÑ
Ò;[=Y&T \ Y
_f S ÖX \ W.Y
:Ñ#aÑ
Ñ'T=W.Y1Ò \ ÑÒ
Ô
J eWÓ%ÑÒÒv\èÑ'X%ÓTd4>oY_ R Y&X%ÑK:Ñ'TÑ5X*XY1Ò%U5d p ÒÖT S c Y
Ò<Y&Xd  Ñ R Ó*X%Ñx#Y,Ö \ d:È>X S ÒÑ'T"U>`Ñ'UÓ*U'd#:"X%Y1Ó*T Ý Ñ'[2Ó R WÑ'XdmXÑ
	Y8T \ ÒÑq¥Ñ \ Ñ'X R ÖLY8T \ U S Y8X*X#UWÑ9>W¿Ô Ý Ô_UÖ \ Ñ'T"Uc_f;WÓ R W R2S T"UÒÓ*aÖUÑ \ U S UWÑm~ S  S&V [&K_U<Y 2Ó*T=U%WÑ9X]Y&a¿Ô
J Ý Ò
Ô c Ó]Y&T  Y,ÒX S È.Y,Ó*TÓd Ý Ò
ÔgÈ.Y&aÒÓ R Ñ9>Y,Ò \S d Ý Ò
Ô Ý S [/Ó*TÓbq¤ÖÑ??Y,ÓX*X$d
Ý Ò
Ô³$Y R q:ÖÑ'XÓ*TÑ p X S"R WÉY&T \ Ý Ò
Ô;sFèÑÒ S TÓq:ÖÑ9eWÓÑ
ÒÒ-#ÓÑ
Õ V3S ÒpY&X*X S ÖÒWÑ'XZ V ÖX*XTÑ8__Y&T \6V3S Ò#_ S [/Ñ`_[/ÓX%ÑpY&T \  S Ò \ _2d;WÓ R W|mÑ
ÒÑ'Ñ'T R2S ÖÒcY1ÕÓ*TÕÔ
J  WÒÓ]_U S ZWÑ Ý ÖZÖÓ]_Y&T \ Y&XXkU%WÑ S U%WÑÒ[/Ñ'[KaÑ
Òc_ S&V U%WÑ R XÑ8Y&T9BÒ S$S [  d B S T<a0Y,ÕjY \ Ñ R dr \ [ S T \  Y&[KaÒÓXda0Y1ÖÒÑ5TU-#Ñ
Ò
Ñ8Y1Ö(Y8T \ c ÓX*aÑ
ÒU  WbY&TR2S TÓ%Ñ8;WÑ'TÑ
:Ñ
Ò@ -;Y_Ó*TqY(WÖÒÒ$dU%WÑ#fÑÒÑ-Ó*XX%ÓTÕ(U S WÑ5X*Zq[/Ñ/Y&T \T S U S TXnUWÑ'T¿6  ÔMeWÑ
9 S Ò%r:Ñ \V Y_7UKY&T \ TÑ
:ÑÒ%U%WÑ'X%Ñ8__ZÒÑ R Ó_Ñ:ÔMeW.Y&Tr!_
V3S Ò-Y8X*X¿ S ÖÒ R2S$S ZÑ
Ò<Y&UÓ S T¿Ô
J Y&XXU%WÑ6ZÑÒc_ S T._;W S?R2S TUÒÓ*aÖUÑKU S U%WÑ&Õ S$S"\ Y&U[ S _7ZWÑ
ÒÑp_ S UW.Y&U S TÑX%Ór:Ñ8_:U SBR2S [/Ñ \ Y1Ó*XÓTU%WÑ;X]Y&ad:Ñ
:Ñ5TÓ V UWÓ*TÕj_ \S T S U+ S ÒrX%Ór:Ñ S TÑ--Ó_7WÑ8_Ô%ÔÔ
J [ V Y8[/Ó*XKY&T \ ?Y,Òr4Ô
   "! #$  % Ï
>`Ñ'&Ò( Ý Ñ*)+0da-,dÒ)F/.ÒÓ10 v3254 d u ¤1Ü6(7& Ý Ö88Ñ*0:9;,dÒ=<
u ¤1 u dÜ >,?01+88@AÖ0Ñ#jÖ)@AÑ*) ¦CB &Ñ
Ó1);<ÅÖÒ&u Ü u  u c ;DE)(?8Ó%ÖD?d B &Ñ
Ó1);<ÅÖÒ&F  ¦ u d2 F  ¦ u d È,Ò&8>`Ô  Ñ*)G&ÒH(70n¥ÓÕ?A B @A,I,?0d.È 05,dÒÓ:9(dIÔ B Ô$Ôudu ¦ u  u  u Ü ¦ u   Ý Ó1.05,3DJ(K8&Ö9ÓÑL8fÓ5)>MA8Ó:@*8)daÖ9-ÓÕN(1	Ó1D/Ó50Ó5(L)8`/)Ó%:ÑÒ8Ó1&#Ö)ÓO@PA
F  ¦ u d2 Fd ¦ u   Ý Ó1.05,3DJ(KQAÑR8Ó:8?Q¿Ö))Ñ*0%Ó1)ÕÑ
	G.ÑÒÓ5D2Ñ*);&H8.-Ó5&AJ.(1Ò(8a-,30%ÓO@q:Ö(7)G&ÖDifÑ*010:8
Ó5)J&AÑ@ÕÒ,dÖ.S,L<m>.Ò,L<Ô)ÔyT,3&&A(,Ö8)d
8Ö.ÑÒÓ:8=,dÒ Ú >.ÒÓ%ÔÚ Ý ,3U:Ô)ÔoÓ	V<W,dÒ&A8Ó5)@Ñ F ¦ u : >MA¿Ô Ý ÔXQAÑL8Ó:8?,Ó1);&8Ö.Ñ
ÒÓ:8Ó5,3)Y,L<m>.Ò,L<Ô)ÔyT,3&&A(,Ö8
Ý ÒÔ p ÔrZ&Ó%Ñ*))ÑÆ>(,ÒÓO8  d(7)9 Ý Ò
Ô)Ô8aÔ>`Ñ*01,Ö(1Ò9?Æ>(,ÒÓO8 
